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Responsive Polymer Networks and Methods of Their 



Use 



•Field of th e Invention 
The present invention relates to a polymer composition which achibits a ^ 

I reversible.Belarion.5in.,«i^^9^^ 

stimulus. /More parxicukrir^ p.^«t invention U direaed to a viscosifying polymer 
^ork that can be designed to reversibly gel over a wide range of condiuons to 

^ provide a composition having a controllable range of viscosities, making it useful m a 
^ety of pharmaceutical, cosmttic ind industrial applications. 

0 

paekpround of the I nvention 
A polymer network is a special type of polymer-polymer composition having 
favorable interartions between the constituent polymers on a molecular level. Many 
polymer networks of the prior art utilize covalent bonding between the constinient 
15 polymers to estabUsh a permanent network structure. In addition to covalenr bondmg. 
interactions which promote the formation of a polymer network include coulomb.c 
^craction in the case of polyelearolyte network complexes, hydrogen bondmg m the 
«e of polyether7oly(carboxyvinyD comple.es or Van der Waals attractions m case of 
nonpolar polymers. In addition to these types of mteract.ons. physical interacaons. 
20 such as entanglement, contribute to the interacting namre of these systems. Because or 
the nature of these interactions, interpolymer systems may possess unique synerg«t:c 
properties that none of the constituent polymers alone exhibit. 

The capabiHty of one component of a network to influence one or more 
components of a network during synthesis is known. As an example, a preformed 
25 polymer may be used as a template in the poiymerizanon of a second polymer. It has 
been estabUshed that the rate of polymerization and the polymerization molecular 
weight of poly(acrylic acid) is affected by the template polymer used for template 
polymerization. Adachi « -A (Po/ymer/. 14(12):985-992 (1982)) report that 
polymerization of acrylic acid in the presence of polyoxyethylene resulted in an 
30 interpolymer complex having a ladder-like strucmre in which each oxyethylene residue 
forms a hvdrogen bond with an acrylic acid residue. 

Tne ability to form polymer:polymer complexes provides a stable composiuon 
of two or more polymers. Thus, it is desirable to provide polymer network 
compositions which possess aU the properties of constituent polymers, but which have 
35 unproved stability and compatibility over simple blends of the constituent polymers. It 
ii also desirable to provide polymer network composidons in which a synergtsuc effect 
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between the constituent polymers impart properties not possessed by the consticuent 
polymers, either alone or in a simple blend. 

Tanaka et al (U.S. Parent No. 5,503,893) discloses a polymer network in which 
the interpolymcr attractions are strong enough to permit a three-dimensional polymer 
5 network without the use of covalent crosslinking between the constituent polymers. 
Tnc polymer composition of Tanaka is a gel which exhibits a volume change in 
( response to an external trigger. 

Revcrsibly gelling solutions are known. Efforts have been directed to the 
developftient of gelatinous drug delivery systems for topical appUcatioos and for 

10 ophthalmic delivery to the eye. Such reversibly gelling systems are useful wherever it is 
desirable to handle a material in a fluid state, but performance is preferably in a gelled 
or more viscous state. 

A known material with these properties is a thermosetting gel using poloxamers.> 
available commercially as Pluronic* which is described in U^. Patent No. 4,188,373. 

15 Adjusting the concentration of the polymer gives the desired liqmd-gcl transition. 

However, concentrations of the poloxamer of at least 15-20 % by weight are needed to 
produce a composition which exhibits such a transition at commercially or 
physiologically useful tcmperanires. Also, solutions containing 15-20 % by weight of 
responsive polymer are typically very viscous even under the lower viscosity stare of 

20 responsiveness, so that these solutions can not function under conditions where low 

viscosity, free-flowing characteristics are required prior to transition. In addition, these 
polymer concentrations are so high that the material itself may cause unfavorable 
interactions during use. 

Another known system which is liquid at room temperature, but forms a semi- 

25 solid when warmed to about body temperature is formed from tetrafunctional block f 
polymers of polyoxyethylene and polyoxypropylcnc to f 
commercially- available as Tetronic* poloxamcrs. These compositions are formed from 
approadmateiy 10% to 50% by weight of the polyoacamer in an aqueous medixun. See, 
U.S. Patent No- 5,252.318. 

30 Joshi et al in U.S. Patent No. 5,252,318 reports reversible gelling compositions 

which are made up of physical blend of a pH-sensitive geUing polymer (such as a cross- 
linked polyacrylic add) and a temperature-sensitive gelling polymer (such as methyl 
cellulose or block copolymers of polyoxyetbylene and polyoxypropylcne). In 
compositions including methyl cellulose, 5- to 8-fold increases in viscosity are observed 
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upon a simultaneous change in xemperamre and pH for very low meihylceUulose levels 
(1-4% by weight). See, Figs. 1 and 2 of Joshi « In compositions including 
Pluronic* and Tetronic* poloxamers, commercially available forms of 
polyoxyethykne/polyoxypropylene block copolymer, commercially useful increases in 
5 viscosity (5- to 8-fold) upon a simultaneous change in temperature and pH are observed 
only at much higher polymer levels (> 12% by weight). See, Figs. 3-6 of Joshi « oL 
i WO 95/24430 published September 14, 1995, describes graft and block . 

copolynM«;bf component temeraure-senshive polymers and a pH-sensitive polymers. ^ 
The gr^ ^or block copolymen possess a lower critical solution temperature (LCST) 
10 or cloud point between 20 'C and 40 'C at a pH of 6.0-8.0. The LCST represents the 
temperature at which the polymer phase separates from the solvent. This results in an 
opaque or translucent mLsture or suspension. In medical appUcations, particularly 
opthalmic applications, this undesirable. 

Thus, the known systems which exhibit reversible gelation are limited in that 
15 they require large soUds content and/or in that the increase in viscosity are less than 10- 
fold and/or exhibit a cloud point before viscosification. 

Summary of the Invention 
It is an object of the present invention to provide polymer network 
20 compositions which are capable of reversible gelation or viscosification, which have 
improved visual clarity and which have improved stabiUty over simple blends of the 

constituent polymers. 

It is a further objea of the invention to provide polymer network composiiions 
which exhibit gelation or viscosification at very low soUds content. 
25 It is another object of the present invention to provide polymer network 

compositions which exhibit a synergistic effect between the constituent polymers to 
ixnpart properties not possessed by the constituent polymers, either individuaUy or in a 
simple blend. 

Jpl^arSlfeirtber object of the invention to provide a method of making a ^. 
30 polymer niwork^ an^simple. economic and efSaent means of « 

production. 

It is a Lrther object of the present invention to provide a responsive polymer 
network composition having improved flow and gelation characteristics as compared to 
properties possessed by conventional reversible gelation compositions. 
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It is yet a further object of the invention to provide a polymer network 
composition which is transparent or translucent^to light both before and after gelation. 

It is yet a further objca of the invention to provide new and useful devices, 
articles and compositions incorporating the viscosifying polymer network composition 
5 of the present invention, which take advantage of die reversible gelation properties of 
the polymer network composition. 
^ It 15 yet another object of the present invention to provide reversibly gelling 

polymer networks which are composed of biocompatible polymers. 

The objects of the invention are achieved wkh a viscosifying polymer network, 
10 containing an associating component capable of aggregating in response to an increase in 
temperature, and a solvophilic component which is linked to the associating component 
in a solvent. ''The associating component may exhibit aggregation at a temperature 
where no macrophase separation occurs. Both the associating and/or solvophihc 
components may be oligomers or polymers. 
15 As used herein, .as associating componcStHs-an oligomer or polymer which will 

respond to a xempmvSrc^cSac^^^ to ^^^g)ttt Hejree of assodatibn arid/ or / 
agglomeration. The stimulus may be temperature, and additionally, pH, ionic 
concentration, solvent concentration, light, magnetic field, electrical field, pressure or 
other triggers commonly used to trigger a responsive gel material. The aggregation is 
20 most commonly in the form of n:iicelle formation, however, precipitation, labile 

crosslinking or other factors may be contemplated as within the scope of the invention. 

As used herein, the solvophilic component. S an oligomer or polymer which is 
linked to the associating component so thai a copolymer network is formed. The 
solvophilic component may be, but is not required to be, responsive in that it may also 
25 exhibit a change in conformation, upon a change in environmental stimulus. The ^ 
interaction flf the solvophilic and associating. compoM 

which magnifies the effect of the 'aswcia^ gelling 
thc'^blixtiori/ It may also' cause aggregation and/or micellation to occur iinder 
conditions which would show no apparent effect in the absence of the polymer 
30 network. By "solvophilic'^ as that term is used herein, it is meant a component which 
has an affinity for the solvent used in solvation of the polymer network. 

In the absence of the solvophilic component, the associating component may or 
may not show a change in viscosity in response to a change in temperature. However , 
if it does show a response in the absence of the solvophilic component, that response is 
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quaHrauvely or quantitatively different. Tkat is. the response is amplified or altered in 
the presence of the solvophilic components. 

The viscosifying polymer ncrwork is formed by solvation of the linked 
associating and solvophiHc components. Since a gel comprises a three-dimensional 
5 polymeric network containing a solvent, the liquid component makes up the responsive 

viscosifying polymer network. 

For commercial appUcauons, the composidon may of course include additional 

^ elements, such as are needed for the commercial purpose of the composition. Tnese 
additives may have no beneficial or detrimental effea on the polymer network (i.e.. 

10 inert additives) but have a beneficial aspect for the particular commercial application or 
formulation. These additives may have some detrimental effea to the polymer network 
(i.e.. compromising additives) but have a beneSdal effector the particular commercial 
appUcarion or formulation. As such, polymer networks may represent a compromise 
between the requirements of the appUcation or formulation and the requirements of the 

15 polymer network. 

The novel interaction between the consritucnt polymers in the responsive 
viscosifying polymer network permits formation of gels at very low soUds content. 
Gelation and/or viscosification is observed in aqueous solutions having about 0.01 to 20 
wt% of the associaung component and about 0.01 to 20 wx% of the solvophiHc 

20 component. 

A typical reversibly gelling polymer network may. advantageously be comprised , 
of less than abom. 4 wt% of total polymer spia^lirt^ 

assodanng component and less than about 2 wtilu^e solvophilic component.^ The 
balance is made of the aqueous-based solvent. An exemplary associating component is a 

25 poloxamer having the formula (EG)(PO)(EO)^' An exemplary solvophiHc component is 
sodium acrylate.f The viscosifying polymer network is formed by polymerization of 
a^lic add in the presence of the poloxamer foUowed by hydration and neutralization 
of the polyacrylic arid. The viscosity of the gel increases at least ten-fold with an 
increase in temperature of about 5'C. 

30 By -gelation-, as that term is used herein, it is meant a drastic increase in the 

viscosity of the solution. Gelation is dependent on the initial viscosity of the solution, 
but typicaUy a viscosity increase in the range of 5- to 100-fold, and preferably IC^ to 100- 
fold, is observed in the present systems. 

By -poloxamer-. as that term is used herein, it is meant a polymeric or 



5 



Printed 



from 



Mimosa 



wo 97/00275 



PCT/US9dil0376 



oligomeric scrucuire having a general formula of (Pi)»(PJbCPi)i» "wkere P, and represent 
rwo different poloxamer blocks. By way of example only, P, may be a poloxamer of 
the general formula (CH^CHjC),, where a is in the range of 10-50 and P2 may be a 
poloxamer of the general formula, (CHRjCHRjOX, where may be H or an alkyl 
5 group, K2 may be an alkyl group, and where b is in ihe range of 50-70. Other possible 
poloxamer combinations are contemplated within the scope of the invention. 

' Brief Description of the Drawing 
The invention is described with reference to the Drawing, which is presented for 
the purpose of illustration and is in no way intended to be limiting, and in which: 

Figure 1 is a graph of viscosity vs. lempcranire for 2 1 wt%, 2 wt% and 3 wt% 
viscosifying polymer network aqueous composition of a triblock poloxamer/polyacrylic 
acid (1:1) at pH 7.0 measured ai a shear rate of 0.44 sec*'; 

Figure 2 is a graph of viscosity vs. pH for a 1 wi% viscosifying polymer 
network aqueous composition of a triblock poloxamer/polyacrylic acid (1:1) ai pH 7.0 
measured at a shear rate of 0.44 sec'^; 

Figure 3 is a graph of viscosity vs. temperature for a 2 wt% viscosifying polymer 
network aqueous composition of a triblock poloxamer/polyacrylic add (1;1) in sea water 
at pH 7.0 measured at a shear rate of 0.22 sec"'; 

Figure 4 is a plot of endotherms for (a) 1 wt% Pluronic* F127 and (b) 1 wt% 
viscosifying polymer network aqueous composition of Pluronic* F127/poly acrylic acid 

(1:1): 

Figure 5 is a plot of viscosity vs. temperature for (a) a 1 wt% viscosifying 
polymer network aqueous composition of Pluronic® Fl27/polyacrylic acid (1:1) and (b) 
a 1 wt% physical blend of Pluronic* F127/polyacrylic acid (1:1) at pH 7.0 measured at a 
shear rate 0.22 sec'\ 

Figure 6 is a plot of viscosity vs. temperature for a 1 wt% viscosifying polymer 
network aqueous composition of Pluronic* F108/polyacrylic acid (1:1) at pH 7.0 
measured at a shear rate 2.64 sec'' with a SC4-18 spindle; 

Figure 7 is a plot of endotherms for 1 wt% viscosifying polymer network 
composition of Plurom'c* FlOS/polyacrylic acid (1:1); 

Figure 8 is a plot of viscosity vs. temperature for a 1 ^^1% viscosifying polymer 
network aqueous composition of Pluronic* F88/polyacrylic acid (1:1) at pH 7.0 
measured at a shear rate 2.64 sec"* with a SC4-18 spindle; 
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Figure 9 is a g«ph of the viscosity vs. cemperarure effea for a v.scosifymg 
polymer network composition of 2 ^% Plurooic* P104/polyacryUc add (1:1) in 
deiouized water at pH 7.0 measured at shear rate of 22 sec- using a SC4-25 spmdle; 

Figure 10 is plot of viscosity vs. temperature for a viscosifying polymer network 
5 composition of 2 wt% Pluronic* Fl23/polya«ylic acid (1:1) at pH 7.0 measured at a 
shear rate of 22 sec'' usinf a SC4-25 spindle; 

Figure 11 is a plot of viscosity vs. temperature for 1 wt% viscosifying polymer 
network made of series of triblock copolymers and polyacryUc acid (1:1) in deiooixed 

water ar a shear rate of 132 sec'*; 

Figure 12 is plot of vUcosity vs. temperature for a viscosifying polymer network 
composition of 2.5 wt% Pluronic* F127/polyacryUc acid (1:1) prepared m (a) deionized 

water and (b) OSM NaCl solution; 

Figure 13 U plot of viscosity vs. temperature for a viscosifying polymer network 
composition of 2 wt% Pluronic- F127/poly(acr7Uc «dd-«.methacryUc add) (1:1) in 
ddonized water at a shear rate of 22 sec"'; 

Figure 14 is plot of viscosity vs. temperature for a viscosifying polymer network 
composition of 2.5 wt% Pluronic« F88/polyacryHc add (1:1) in ddonized water and at 
5000 psi; 

Figure 15 is a plot of viscosity vs. temperature for a viscosifymg polymer 
network composition of a 2 wt% polyethyleneglycol mono(nonylphenylether)/ 
polyacryUc add (1:1) at pH 7.0 at a shear rate of 2.64 sec"'; 

Figure 16 is a plot showing the release of hemoglobin from a polymer network 

composition of the invention; 

Figure 17 is a plot showing the release of lysozyme from a polymer network 

25 composition of the invention; 

Figure 18 IS a plot showing the release of insuUn from a polymer network 

composition of the invention; 

Figure 19 is a plot showing the rdease of timolol from (a) a control; (b) a 2 wt% 
polymer network composition and (c) a 3 wt% responsive polymer network 

30 composition of the invention; 

Figure 20 is a plot of viscosity vs. temperature for a polymer network 
composition (a) before and (b) after sterilization by autodave; 

Figure 21 is a plot of viscosity vs. temperature for a 5 wx% polymer network 
prepared from polyacrylamide and Pluronic F127 (1:1) after standu^g for 10 days; 
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Figure 22 is plot of viscosity vs. cemperarure for a polymer nerwbrk 
composiuon of 5 wt% Pluroaic* F127/pol7(acrylamide) (1:1) in dcionized water at a 
shear rate of 2 sec'^ (a) after standing one day and (b) after standing six days; 
Figure 23 is plot of viscosity vs. temperature for a polymer ncnvork 
5 composition of 20 wt% Pluronic* F127/poly(acrylamide) (1:1) in deionized water at a 

shear rate of 0.066 sec'* after standing 12 days; 
( Figure 24 is a plot of viscosity vs. temperature for an oil-free moisturizing 

formulation prepared from (a) polymer network composition of the invention and (b) a 
conventional oil-in-water formulation; 
10 Figure 25 is a plot of (a) viscosity v. temperature and (b) abosrobance v. 

temperature for a 2 wt% viscosifying polymer network prepared from poly(acrylic add) 
and Pluronic* F127 (1:1); and 

Figure 26 is a plot of (a) viscosity v. temperature and (b) abosrobance v. 
temperature for a 2 wt% viscosifying polymer network prepared from poly (acrylic add) 
15 and Pluronic* L92 (1:1). 

Detailed Description of the Invention 
The present invention is directed to a novel revcrsibly gelling polymer network 
The polymer network advantageovisly contains less than about 20 wt% polymer solids^e 

20 and preferjably^ess than about 4 wt% polymer solids and exhibits an at least five-fold 
increase in viscosit>' with an increase of temperature of about 5'C. jgn«rr(Kpoimv^^^^^ 
polymer networltxbmpositibn to the invention includes an associating 

ramponmt-Siai^^^^^^^^^^ polymer phases are linked with one 

anothCT on a molecular level, typically through a direct covalent bond, although linkages 

25 through atoms or other moiedes is contemplated. Exemplary concentrations of the 

constituent polymers, giving the widest range of viscosity changes, range from about 10 
wt% to about 75 wt% for the assodating component and from about 90 wt% to about 
25 wt% for the solvophilic polymer. 

A viscosifying polymer ncrw'ork of the present invention is a special type of 

30 polymer-polymer composition, in which the two or more polymer phases are covaiently 
linked, although other assodating mechanisms, such as hydrogen bonding and van der 
Waals force may also be present. The interacting nature of the two (or more) polymer 
phases provide a stable misdble composition, irrespective of the immisdbility of the 
constituent polymers, and unique properties. Such stabiUty and properties may be 
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attributed to specific interactions of the coastituent polymers. 

The associating component undergoes a change in conformation m solution. 
One type of associating component is a temperatur«ensitive aggregating polymer; A 
temperaturesensitive aggregatmg polymer undergoes conformational changes and 
5 changes to the critical miceUe concentration as a function of temperature. /The polymer 
wUl change from an open, non-aggregated form to a micellar. aggregated form ^th 

^ changes in temoerarure. 

The solvophiHc component may be a polymer which is capable of ionization 
with a change in ionic strength of the solution. Changes in ionic strength may be 
10 accomplished by a change in pH or by a change in salt concentration. Changes to the 
ionic state of the polymer causes the polymer to experience attractive (coUapsmg) or 
repulsive (expanding) forces. Ionization is not required, however, and the solvophil.c 
component may be neutral or uncharged. 

The associating component of the polymer network exhibits a reversible gelation, 
15 upon ^p^SaiiiSS^- The solvophiUc component of 
network may also exhibit a reversible gelation in response to one or more 
envirownental changes. The gelation may occur in response to an indirect 
environmental trigger, for example, Ught irradiation or electric Md applicauon which 
generates an increase in temperature. Alternatively, gelation may be tnggered by a 
20 change in pH. ionic su-ength or solvent composition. Responsive polymer network gel 
compositions which exhibit a reversible gelation at body temperature (32-37-Q and/or 
ar physiological pH (ca. pH 7.0-7.5) are particularly preferred for certain medxd and 
pharmaceutical uses. Responsive polymer network compositions which exhibit a 
reversible gelation at 70-C or above are particularly preferred for oil field applicaaons. 
25 Yet it is within the scope of the present invention for reversible gelation to occur at 
much higher or lower temperatures or pHs or in response to other stunuh. 

In one embodiment of the invention, the polymer network exhibits flow , 
propertieiVBf a U.quid at a-Bout room temperatur£. yet .rapidly thicken into a gd f 
consistency: of at least about five times greater, preferably at least about 10 times greater. 
30 and even more preferably at least about 30 times and up to 100 times greater, viscosity 
upon exposure to the particular enviromnental trigger. The responsive polymer 
network of the present invention exhibit gelation even at very low polymer 
concentrations. For example, aqueous responsive polymer network composiaons of 
about 0.5 wt% responsive component and about 0.5 vrt% ionizing polymer will gel 
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when exposed to a critical temperature or pH. Tnc low polymer concentration in the 
aqueous compositions of the present invention provide dear, colorless geis, both before 
and after viscosification, making them particularly well-suited for a variety of 
applications. In addition, very little residue is formed upon evaporation which may be 
5 important in some applications, such as administration of ophthalmic drugs to the eyes 
or in topically applied cosmetics. An additional advantage of the polymer ncrvork of 
r the invention is that it remains clear and translucent above and below the critical 

temperature or pH. 

^"i^e^v" vA,v \^ o ws <Sl\-^ presenr invention may be any polymer which :f 

OAoLVU'aSou^o^i^^'' ^^^'^Sgrcgatesas-afuncdon^^^^ ^ 

possM xegioxis; which arc thdiselw ^g-^ 
characcer.#The associating component may be linear or branched. As will be apparent 
to one skilled in the an, a nonionic surfactant, due to its hydrophilic and hydrophilic 
character, may be smtable for use in the invention. 
15 Suitable associating components include poloxamers/such as block copolymers 

of different oxyaikylene xmits. At least one polyoxyalkylene unit should have 
associating characteristics and at least one polyoxyalkylene unit should have hydrophilic 
characteristics, A poloxamer of polyox7eth7lene and polyoxypropylene may be used in 
a preferred embodiment of the invention. Another suitable responsive component 
20 includes Plujromc»--poloi^^ having the general formula (POE),(POP)h(POE),. 

where POP is polyoxypropylene and represents the associating portion of the polymer 
and POE is polyoxyethylene and represents the hydrophilic portion of the polymer. 
Pluronic* (BASF) triblock polymers arc commercially a\'ailable for a and c in the range 
of about 16 to 48 and h ranging from about 54-62. Other exemplary polyoxyalkylene 
25 polymers include alkyl^^olbaii^ which are a product of alcohol condensation 
reactions with a te rminal alkyl or arylalkyl group. The alkyl group should have 
associating character, such as butyl, heryl and the like. An alkyl poloxamer may have 
the general formula R-{0(iH,CH2)„0H, where R is a nonpoiar pendant group such as 
alkyl and arylalkyl and the like, and n is in the range of 5-1000. A preferred 
30 alkylpoloxamer is polycthyleneglycol mono(nonylphenyl) ether. Still other exemplary p- 
responsive components jnay include cellulosic, cellulose ethers^and guar gums which 
possess hydrophobic and -hydrophilic regionsjalqng the polymer backbone which permit f 
aggregation behavioV. One or more associating components may be med in the 
responsive polymer network composition of the present invention. 
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\ Vi Another type of solvophilic components is an ionizable polTmer. These 

^ ^ ^ matcriais typically are responsive to changes in pH and/or ionic strength. The ionizable 

^ ^^^^^'^j^ t J/iTQl^ • polymers of the present invention include linear, branched and/or crosslinked polymers. 
^ \ Of particular interest are carboxyvinyl polymers of monomers such as acrylic acid, 

5 mcthacrylic add, ethacrylic acid, phenyl acrylic add, pentenoic add and the like. 

Polyacrylic add is a preferred carboxyvinyl polymer. One or more poly (carboxyvinyl) 
polymers may be used in the responsive polymer network compositions of the present 
invention. Aorylaroides or substituted acrylamides are also preferred embodiments. 
Copolymers, such as by way of example only, copolymers of acrylic add and 
10 mcthacrylic add, arc also contemplated. Naturally occurring polymers such as chitosan 
or hyaluronic adds are also possible as solvophilic polymers since they are capable of 
forming an ionized network as polymers or copolymers of other solvophilic polymers, 
T^a S uuSi^^^^^ As is dear from the description of the invention and from the Examples set 

^ , ' rp forth below, covaleni cross-linking within ah particular polymer component of the 

^ ^ ^5 responsive polymer network is not required in order to .obseryc gelation at low solids^"^ 
^^.JX^J^ XJ^ yP^^^^^ ^ contents, such as less than 20 wt% or preferably less than about 10 wt%, or more 

preferably less than about 5 wt% or most preferably less than about 2.5 wt%. This is in 
contrast to Joshi et ai (U.S. Patent No. 5,252,318) which disdoses the use of at least one 
crosslinked polymer in the formation of their reversibly viscosifying blends. 
20 The reversibly gelling responsive polymer networks compositions of the present 

invention are highly stable and do not exhibit any phase separation upon standing or 
upon repeated cycling between a liquid and a gel state. Samples have stood at room 
temperature for more than three months without any noticeable decomposition, 
douding, phase separation or degradation of gelation properties. This is in direct 
25 contrast to polymer blends and aqueous mixed polymer solutions, where phase stability 
and phase separation is a problem, particularly where the constituent polymers are 
immiscible in one another. 

The functioning of a component as the associating or solvophilic component 
may be dependent upon the spcdfic environmental trigger being considered. For 
30 example, in the poly(acrylic add)/EO/PO/EO system, when temperature is the trigger. 
EO/PO/EO is the assodating component, however at pH of 2-5, where the polymer is 
completed protonated, the poly(acrylic add) may be the associating component. 
^ wr^i vv ^iJ ^O J\ Exeiriplary 6T the dramatic increase in viscosity and of the gelation of the 

^^^^ ^^^'^j ^^^^^^^^ polymer network aqueous compositions of the invention with a change in 
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temperature are the aqueoxis responsive polymer network compositions shown in Fig, 1. 
Fig. 1 is a graph of viscosity vs. temperature for 1%, 2% and 3% aqueous responsive 
polymer network compositions comprising a poioxamer of the general formula 
(POP)(POE)(POP) and polyacrylic acid (1:1). which has been hydrared and neutralized. 
5 The viscosity measurements were taken on a Brookfield viscometer at a shear r^tc of 
0.44 sec** at pH 7.0. All solutions had an initial viscosity of about lOSO cP and 
^ exhibited a dramatic increase in viscosity to gd point at about 35 *C. Final viscosities 

were approximately 33,000 cP, 100,000 cP and 155,000 cP for the 1 wt%, 2 wt% and 3 
wt% CO Impositions, respectively. This represents viscosity increases of about 30-, 90- and 
10 140-fold, respectively. 

Exemplary of the dramatic increase in viscosity and of the gelation of the 
responsive polymer network aqueous compositions of the invention with a change in 
pH are the aqueous responsive polymer network compositions shown in Fig, 2: Fig. 2 
is a graph of viscosity vs. pH for a responsive polymer network composition comprising 
15 1 wt% poloxamer/polyacrylic add (1:1), hydrated and neutralized, taken on a Brookfield 
viscometer at a shear rate of 0.11 sec"' at 37 "C. The solutions had an initial viscosity of 
about 15 cP and exhibited a dramatic increase in viscosity to gel point at about pH 5.0. 
Final viscosities was approximately 3000 cP, which represented a viscosity increase of 
about 200-fold. 

20 Another possible apphcation of the observed viscosifying phenomenon is 

illustrated in Fig. 3 where the viscosifying effect of temperature is shown in a 2 wt% 
responsive polymer network composition comprising a poloxamer/polyacrylic acid in 
sea water. Sea water is represented by a synthetic formulation (NaCl. 23.84 g/1; CaCl,, 
0.93 g/1; MgCl2-6H,0. 10.76 g/1; NajSO,, 4^9 g/1; NaHCOj, 0 J05 g/1) in water. A 

25 viscosifying effect is observed at temperatures higher than 70 'C which is relevant for oil 
field applications. 

30 .^.af^cianng^jjg^ general method of making the responsive polymer network 

compositions generally involves solubilization of the associating component in a 
monomer capable or a concentrated monomer solution of forming a solvophilic 
component. The monomer is then polymerized to the solvophilic component. 
Polymerization may be accomplished by addition of a polymerization initiator or by 
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10 



irradiation tcchniaues. The initiator may be a free radical initiacor, such as chemical 
free radical initiators and uv or gamma radiation initiators. During the polymerization, 
the fully formed associating component is linked to or grafted onto the developing 
polymer r h^i'n of the £rsi solvophHic component. Alternatively, the terminal end of the 
associating and/or the solvophilic component may contain a reactive moiery, which is 
capable of reacting with and linking to the respective cad of the complementary 
polymer component. 

CoDoiymcrizauons may take place by proton abstraction from a secondary or 
tertiary carbon upon free radical formation or y-imdi^Qii. Tne copolymerizations 
proceeds via the following scheme: 

SCHEME 1 

Tnjtiation: 
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Bucactions in Scheme 1 are exemplified by propylene oxide residue, but they are 
equally applicable to other alJsylene oxides. Note that reaction (3) in presence of vinyl 
monomers (typically, acrylic acid) leads to the grafting of growing poly(acrylic add) 
chain onto the polyethcr backbone with the possibility of crosslinkingf resulting in the 
5 appearance of a "classical" three-dimensional gel stnicturc. These gel structures may 
form aggregates, which scatter light even at very low concentrations far below gelation 
^ temperatures. 

^ ^^^^2<js=U^ S^^^SJtvSfcVtCy^ ' to the random nature of the proton abstraction process, the prafnhg''of the 

associating component onto the growing solvophilic ghain is random. The degree of 
10 grafting may be adjusted by selection of the alkylenc oxide (ease of free radical 
formation) and the quantity and type of free radical initiation used. 
VViLuCX-O^-^^^^ Although not intended to be bound to a particular mode of operation, it is 

^(^0; ^^Vv O belicvid that several factors contribute to this imique and previously unreported stabilit>' 

<i V of respiansiye polymer networks. The polyoicyalkylcne f^ai^ig such as those of 

15 poloxamer polymers are known to be substandally unfolded and free-flowing at 
temperatures below a critical temperature of gelling. Above fhty temperature, the 
polyoxyalkylene chains have been demonstrated to form agglomeranons due to the 
temperature-dependent association of the associating component of the polymer. Sec, 
Atwood et aL IntL J. Phamu 26:25-333 (1985), herein incorporated by reference. The 
20 polymer chains fold in on themselves due to associating interactions among associating 
chain blocks. 

.Tfe. ipo^y™"* morphology of the solvophilic polymer imparts jstabllity to the 
polymer network. 'The water-soluble solvophilic component improves the stability of 
the polymer network in aqueous solution, and discourages phase separation. In 
v)j^ Q>S^^^ Or^^^ addition, linkage of the solvophiKc and associating components increases the effective , 
(XnV ^"^^ ^ gi?e^«S.4ia9l': the:polymcr network. This amplifies the aggregation effect 

oi.tne assooatmg component. 

Adachi et aL, which is incorporated herein by reference, report that the 
polymerization of acrylic add in the presence of dilute polyoxy ethylene solution 
30 resulted in an interpolymcr network having a ladder-like structure in which each 
oxycthylene residue forms a hydrogen bond with an acrylic acid residue. Thus, 
template-formed polyacrylic adds of this type may contribute to the bonding observed 
in these new responsive polymer networks. 

The properties of the responsive polymer network gel composition may be 
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modified by varying me components and/or the microstrucrurc of the polymer 
network- For example, use of different polymerization initiators in the formation of the 
constituent structural component of the responsive polymer network gel was found to 
decrease the temperature for onset of viscosity by 5*C (see, Example 12). Also, different 
5 responsive con^onents have been foimd to exhibit different reversible gelation 

temperatures. For example, see Examples 18-19. In addition, solvation of a responsive 
^ polymer network in a 0.5 M NaCl solution (as compared to distilled water) will resuJt 

in a 10 *C decrease in the temperature of gelation. Thus, the ionic strength of the 
aaueous solution may be used to modify the properties of the composition (see, 
^filO Example 8). 

r Examples of thermothickening polymer systems are in the prior art; however, 

p. ^^p- . C these systems typically operate at much higher polymer concentrations, exhibit cloud 

^y:r ' \/V point transitions or require a complicated multistep solution synthesis. These include 
jpO^ PEO-PPOPEO block copolymers (Alexandritis, tt d. Colloids Surf., 96:1 (1995))) and 

^ Q other block- and graft-copolymers, such as PEO-PPOPEO block copolymers-^- 

^ poiyacryliamide (de Vos, et al. Polymer, 35:2644 (1994)), and PEO-g-poly(acrylic add) 

(Hourdet, et oL Polymer, 35:2624 (I994);>l/j$aimire^^ Colloid Polym. ScL, 273:1163 , 
(1995))./ 

^ ;>< ^Jlx KXX ^ Thermo association is attributed to aggregation of the corresponding grafts or 

20 blocks into relative associating microdomains which effectively crosslink adjacent 
polymer chains. Tiicrmodynamically, aggregation results from a balance between 
hydrogen bonding, electrostatic interactions, and associating effects in aqueous systems. 
Specinc orientations of water that arise upon polymer dissolution lead to increasingly 
unfavorable entropic (AS) contributions to the free energy of mixing as the temperature 
25 is raised. Tiiis tendency overcomes the favorable enthalpy (AH) changes due to the 

formation of hydrogen bonds between polymer and solvent. Let us imaging a polymer 
chain that consists of different segments (blocks), such that upon dissolution in, say, 
water, not only segment-segment contacts exist, but also segment-solvent and solvent- 
solvent contacts. The -energy change (AG) per contact when we replace two segment- 
30 solvent contacts (Ejj) and form a segment-segment (E,0 and a solvent-solvent (E^ 
contact, is (Silverberg, A. Adv. Chem. Ser., 1989, 223, 1), 

AG - E„ -h E^ - 2E,2. 
The Flory-Huggins parameter (x) related to AG as follows (Flory/. Chem. PhysA7:3Q3 
(1949), 
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X - const X (-AG/Kfcl), 
where Kj, is xhc Bolczmann constant and T is absolute temperacure (K). In the case of 
good solubility, AG < 0 and x < ^Z^- Phase separation starts to occur when 

X 2t 1/2 [1/(1 + N^], 
5 where N is the size of the polymer chain. 

The strong segment-segment contacts (which are needed to form associating 
crosslinks) reqtiire negative Et, values that are large in absolute terms (because AG must 
be negative; see eqn.(l)). These large values, however, lead to a very large x > 1/2, 
which in turn makes the polymer insoluble, resulting in conflicting requirements. Thus, 
10 in order for a polymeric system to form a reversibly viscosifying gel. it is desirably a 
copolymer. An associating segment that interacts very strongly with itself will form 
temporary crosslinks, whereas the remainder of the chain composed of a soluble 
segment will permit the system to stay in the solution- This is in contrast to polymer 
networks in which phase separation of the entire polymeric system occurs. Phase 
15 separation can present itself as cloudiness at a temperature known as LCST. 

However, in a polymeric chain where associating, self-aggregating segment is a 
minor component and the solvophilic chain is very long, soluble aggregation occurs 
prefereably over phase separation (i-c, precipitation or clouding). In such a s>'$tem, 
despite the large due to the minor associating segment, due to interactions 
20 between water and large hydrophilic segment will overwhelm the E,,, thus rendering x 
< 1/2. No cloudiness wiU be observed. 

The above conclusion is supported by the observation of thermothickening 
behavior of the rwo different polymer networks systems. Pluronic F127, a triblock 
copolymer with a minor hydrophobic component (MW of the poly{propylene oxide) 
25 (hydrophobic) section of the block copolymer is 3600, weight percentage of ethylene 
oxide in the copolymer is 70%, nominal total molecular weight is 12,600), exhibits no 
cloudiness is observed while the system gels (Figs. 25(a) and (b)). In contrast, Pluomic 
L-92, a triblock copolym'er with a relatively major hydrophobic component (MW of the 
poly(propyiene oxide) section of the block copolymer is 2700, weight percentage of 
30 ethylene oxide in the copolymer is only 20%, nominal total molecualr weight is 3650), a 
very marked cloudiness is observed that is followed by gelation (Figs. 26(a) and (b)). 

To further confirm the difference between aggregation phenomena in relatively 
"hydrophilic" polymer ncrworks based upon Pluronic® F127 and LCST in this system, 
the following experiment was conducted. Absorbance of a suspension of viscosifying 
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polymer nerwork (2 w% 1:1 Pluronic* 127: poly(acrylic add) in water, pH 7.0) ar 50C 
run was measured to be 0.0723 within the raage of 3-80* C. The siaspcnsion was then 
placed in a vial, heated up in a microwave, gently opened up and its temperature and 
absorbance were immediately measured. Substantial doudiness was observed only when 
5 the temperature exceeded 100* C. Absorbance of the suspension at 500 nm (T > 100* 
C) was measured to be 0.1385. Upon cooling, the doudiness quickly disappeared. The 



V thermothickening behavior of the suspension then was measured and the curve was 

^- r 



- c;^.>^'^'""^ essentially idenucal to the one shown in Fig. 25(a). -rau^^dation and LCST in this 



V ^ 10 It has been demonstrated that the viscosifying polymer networks of the present 

invention demonstrate gdation at concentrations much lower than those needed for the 
corresponding Piuronic system to gd. However, differential scanning calonmetry PSC) 
measurements demonstrated that aggregation phenomena assodated with 
thermothickcndng are thermo dynamically identical in both systems. 
^\ e»X.t>-^15 it is generally accepted that, in low concentrations and temperatures of 

(;^Ovx>A^ ^^^^jjji^r5> poloxamcr solutions, there exists and equilibrium between monomers, micelles, and 

"^^^ miceHar aggregates (Brown « al. /. Phys, Chem. 95:1850 (1991)). At low concentrations, 

the apparent micdlar radius increase with increasing temperature. As concentration 
increases, aggregates grow into asymmetic partides eventually resulting in a solidlike gd 
20 that is ususally observed at defined temperatures. The viscosifying polymer network of 
the present invention, however, does not require a significant formation of poloxamer 
aggregates before viscosification occurs. 

Consider what addition of a gel panidc into a suspension will do. For 
simpKdty, assume the liquid to be Newtonian (it is, in fact, non-Newtonian which 
25 should show an even greater effect). When a gel panide is added to the solution, the 
Einstdn equation can be wriuen in the form (Ball, ei aL J. Phys. ChemXi^uids 9:99 
(1980), 

dri - const (T/d^), 

where dv is the increment of viscosity on the addition of a small increment of phase 
30 volxmie d^ to a suspension viscosity 17. 

When a gd partide is added to a suspension where polymer chains substantially 
overlap, it will require more space than its volume d(t> because of the packing difficulties. 
Accounting for the crowding effect yields, 

yj - ^.(l-K<i) \ 



17 



Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



Wiien ^ + 1/K, the viscosiry becomes infinite. Thus, only a few gel particles are 
needed in the present viscosifying polymer nerwork in order to significantly viscosify it 
over a poloxamer solution, such ^ Pluronic, larking such partides. This eftea is 
magnified by bridging gel panicles with adjacent hydrophobic and hydrophilic 
5 components of the polymer nerwork. 
. ^^jj^ ^ ^ Thermogelation has been observed in hydrophobe-modified poly(n- 

yj^^C^^ alkylacrylamides) (Schuk , Ka1aHa«> et al. ), polysaccharides Qauregui et dL ), POP-POE 

block copolymers (Alcxandritis et oL) and other systems. None of these systems, 
however, shows useful pH-responsivcness in a wide range of temperatures. Even graft 
10 copolymers described by Hoffmann and Chen (WO 95/24430) exhibit a LCST and 
therefore show a cloud point in connection with viscosificacion. Such systems are 
limited co duaUy responsive polymers which exhibit phase separation of the entire 
system. 

Pig- 4 shows cndoiherms of (a) 1% Pluronic* F127 and (b) 1% responsive 
15 polymer nerwork (Pluronic* F127/poiyacrylic acid 1:1) obtained using a MCS 

Differential Scanning Calorimetry System (Microcal, Inc) by hearing samples with the 
rate of 15 centigrade/hour. Pluronic* F127 is a triblock polymer made up of ethylene 
oxide (EO) and propylene oxide (PO) blocks and having the general formula 
(EO)(PO)(EO), where 70 wt% of the polymer is EO. ;Brqad or sharp endothermic ' 
20 peaks ^e seen at characteristic temperature of 29^*0 which coincides with the onset of 
gelation in the responsive polymer network composition (see, Fig. 1). The peaks are 
measured to have enthalpy value of 1.26 cal/g. This enthalpy falls within the range 
reported for Pluronic solutions (see, for instance, Wanka et al, CoUoid&Polymer Science, 
1990, 26S, 101, herein incorporated by reference). 
25 The aforementioned thermal behavior of associating polymer networks suggests , 

Vi^'^ ^^that the observed increwe of ^viscosity at aroimd 30 •C is due to aggregation of ^ 

^^^1 poloxamer molecules at rhis temperature which, because of covalcnt bonding (and 

possibly hydrogen bonding and/or template formation) with polyacrylic acid or ? 
polyacryiace molecules, serve as crbss-Hnks in viscous gel-like structures of interactive f 
30 polymer networks, ^us, nonionic surfactants should be well suited to the associating 
polymer network compositions of the present invention because of their aggregate- and 
micelle-forming capabilities in water. 
rrrV^^^^^^ ^ . A general method of making the responsive polymer network compositions of 

y o ^ the present invention comprises solubilization of the associating component in a 

\ ' ^ 

IS 
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monomer capable of forming 2 soivopidlic component or formauon of a mek of iht 
component materials. Solvopiiiiic components suitable for use in the method are those 
•which exhibit expansion and contraction in response to a change in ionic strength. The 
monomer is polymerized to the solvophilic component. Polymerization may be 
5 accomplished by addition of a polymerization initiator or by irradiation techniques. 
The initiator may be a free radical initiator, such as chemical free radical initiators and 
uv or gamma radiation initiators. Conventional free radical initiators may be used 
according to the invention, including, but in no way limited to anxmoniimi persxilfate, 
benzoin ethyl ether, l,2'-azobis(2,4^iimcthylpcatanitrile) (Vazo 52) and 

10 azobisisobuTyronitrilc (AIBN). Initiation may also be accomplished using cationic or 
ionic initiators. Many variations of this methods will be apparent to one skilled in the 
art and are contemplated as within the scope of the invention. For example, the 
solvophilic component may be dissolved in a monomer/water mixture instead of pure 
monomer. This may be particularly useful in instances where the tempcranire-scnsitive 

15 aggregating monomer does not solubilizc well in the monomer or in instances where the 
monomer of the solvophilic component is a solid. It may be desirable 10 remove 
unreacted monomer from the resultant responsive polymer nervork. This may be 
accomplished using conventional techniques, such as, by way of example, dialysis. 
Reverse phase polymerization may be used to prepare responsive polymer 

20 network beads by dispersion of the solvophilic component/ionizable monomer mixture 
in a nonpolar solvent such as heptane. The aggregating polymer/monomer solution is 
dispersed with agitation in a nonpolar solvent, such as heptane or hcxane, in order to 
suspend droplets of the solution. Polymerization of the monomer is initialed by 
conventional means (i.e., addition of a initiator or irradiation) in order to polymerize 

25 the monomer and form responsive polymer network beads. See, WO 96/02577 and 
entitled "Useful Responsive Polymer Gel Beads' for further information on the 
preparation of polymer gel beads, herein incorporated by reference. Such a method may 
be particularly desirable to provide a heat sink for the heat generated in the exothermic 
polymerization reaction. 

30 Those skilled in the art will appreciate that the polymer network compositions 

of the present invention may be utilized for a wide variety of pharmaceutical 
application? To prepare an aqueous drug delivery system, according to the teachings of 
the present invention an effective amount of the desired pharmaceutical agent is 
incorporated into the aqueous responsive polymer network composition of the present 
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invention. Preferably the selected compound is soluble in water which wiU readily lend 
itself to a homogeneous dispersion through out the responsive polymer network 
composition. It is also preferred that the compound is nonrearavc -viih the responsive 
polymer network composition. For materials which are not soluble with the responsive 
5 • polymer network composition, it is also within the scope of the invention to disperse or 
suspend powders throughout the responsive polymer network composition. It will also 
be appreciated t^ar many applications will require a sterile environment. It is 
contemplated as within the scope of the invention that the aqueous responsive polymer 
network compositions of the present invention may be prepared under sterile 
10 conditions. An additional feature of the interacting polymer gels of the invention is that 
they may be prepared from constituent polymers that have known accepted 
toxicological profiles. Thus, the interacting polymer gel may be prepared from 
polymers which already have FDA-approval. 

■Exemplary drugs or therapeutics delivery systems which may be administered 
15 using the aqueous responsive polymer network compositions of the invention include, 
but are in no way limited to, mucosal therapies, such as esophageal, otic, rectal, buccal 
oral, vaginal, and urological applications; topical therapies, such as wound care, skin care? 
and tear dips; and intravenous/subcutaneous therapies, such as intramuscular, inrrabone 
(e-g., joints), spinal and subcutaneous therapies, tissue supplementation, adhesion 
20 prevention anH parenteral drug delivery. It will be appreciated that the ionic nature of 
the "structural component" component of the responsive polymer network provides an 
adhesive interaction with mucosal tissue. 

The biologically active compounds that may be loaded into the polymer 
networks of the present invention are any substance having biological activity, including 
25 proteins, polypeptides, polynucleotides, nucleoproteins, polysaccharides, glycoproteins, 
lipoproteins, and synthetic and biologically engineered analogs thereof. 

Examples of biologically active compounds that might be utilized in a ddWcry 
application of the invention include liierally any hydrophilic or hydrophobic 
biologically active compound. Preferably, though not necessarily, the drug is one that 
30 has already been deemed safe and effective for use by the appropriate govemmenta] 

agency or body. For example, drugs for human use listed by the FDA under 21 C.F,R. 
330.5, 331 through 361; 440-460; drugs for veterinary use listed by the FDA under 21 
CJ^.R. 500-582, incorporated herein by reference, are all considered acceptable for use in 
the present novel polymer networks. 

20 
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Drugs that are not themselves liquid at body temperature can be incorporated 
into polymers, particularly gels. Moreover, peptides and proteins which may normally 
be lysed by tissue-activated enzymes such as peptidases, can be passively protected in gels 
as well. See, Gehrke ct al. Proceed. Intern, Symp, ControL ReL Bioact. Mater., 22:145 
5 (1995). 

The term "biologically active compound" includes pharmacologically active 
substances that produce a local or systemic effect in animals, plants, or viruses. The 

^ term thus means any substance intended for use in the diagnosis, cure, mitigation, 

treatment or prevention of disease or in the enhancement of desirable physical or mental 

10 development and conditions in an animal, plant, or virus. The term "animal" used 

herein is taken to mean mammals, such as primates, including humans, sheep, horses, 
cattle, pigs, dogs, cats, rats, mice; birds; reptiles; fish; insects; arachnids; protists (e.g. 
protozoa); and prokaryctlc bacteria. The term "plant* means higher plants 
(angiosperms, gymnospcrms), fungi, and prokaryotic blue-green "algae" ( i.e. 

15 cy ano bacteria). 

The pharmaceutically active compound may be any substance having biological 
activity, including proteins, polypepddes, polynucleotides, nucleoproteins, 
polysaccharides, glycoproteins, lipoproteins, and synthetic and biologically engineered 
analogs thereof. The term "protein" is art-recognized and for purposes of this invention 

20 also encompasses peptides. The proteins or peptides may be any biologically active 
protein or peptide, naturally occurring or s>'nthctic- 

Examples of proteins include antibodies, enzymes, steroids, growth hormone and 
growth hormone-releasing hormone, gonadotropin-releasing hormone, and its agonist 
and antagonist analogues, somatostatin and its analogues, gonadotropins such as 

25 luteinizing hormone and follicle-stimulating hormone, pcptide-T, thyrocalcitonin, 

parathyroid hormone, glucagon, vasopressin, oxytocin, angiotensin I and II, bradykinin, 
kallidin, adrenocorticotropic hormone, thyroid stimulating hormone, insulin, glucagon 
and the nximerous analogues and congeners of the foregoing molecules. 

Classes of pharmaceutically active compoimds which can be loaded into 

30 responsive polymer network compositions of the invention include, but arc not limited 
to, anti-AEDS substances, anti-cancer substances, antibioucs, immunosuppressants (e.g. 
cyclosporine) anti-viral substances, enzyme inhibitors, neurotoxins, opioids, hypnotics, 
antihistamines, lubricants tranquilizers, anti-convulsants, muscle relaxants and 
anti-Parkinson substances, anti-spasmodics and muscle contractants, miotics and anti- 
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cholinergics, anti-glaucoma compounds, anti-parasice and/or anci-procozoal compoxmds, 
anti-liypercensives, analgesics, anii-pyredcs and anu-inflammatory agents such as 
NSAIDs, local anesthetics, ophthalmics, prostaglandins, anii-depressants, anii-p5>xhotic 
substances, anti-emetics, imaging agents, specific targeting agents, neurotransmitters, 
5 proteins, cell response modifiers, and vaccines. 

A more complete listing of classes of compounds suitable for loading into 
^ polymers using the present methods may be foimd in the Pharmazeutische Wirkstojje 

(Von Klcemann ct al. (cds) Stuttgart/New York, 1987, incorporated herein by reference). 
Examples of particular phaimaceutically active substances are presented below: 
10 Anti'AIDS suhstartg« are substances used to treat or prevent Autoimmune 

Deficiency Syndrome (AIDS). Examples of such substances include CD4, 
3'-a2ido-3'-deoxythymidine (AZT), 9-(2-hydroryethoxymethyI)-guaninc acyclovirQ, 
phospho no formic add, l-adamantanamine, peptide T, and 2\Z* dideox\'c>Tidine. 

Anti-cancer substances are substances used to treat or prevent cancer. Examples 
15 of such substances Include methotrexate, cisplatin, prednisone, bydroxyprogcsLcronc, 
medroxyprogesterone acetate, megestrol acetate, diethylstilbestrol, testosterone 
propionate, fluoxymestcrone, vinblastine, vincristine, vindesine, daimorubicin, 
doxorubicin, hydroxyurea, procarbazine, amino glutcthimide, mechlorethamine, 
cyclophosphamide, melphalan, uracil mustard, chlorambucil, busulfan, carmuscinc, 
20 lomusline, dacarbazine (DTIC: dimethyltriazcnomidazolccarboxamide), methotrexate, 
fiuorouracil, 5-fluorouracil, cytarabine, cytosine arabinoxide, mercaptopurinc, 
6-mercaptopurLne, thio guanine. 

Antibiotics are art recognized and are substances which inhibit the growth of or 
kill microorganisms. Antibiotics can be produced synthetically or by microorganisms. 
25 Examples of antibiotics include penicillin, tetracycline, chloramphenicol, minocycline, 
doxycycline, vanomycin, bacitracin, kanamycin, neomycin, gentamycin, erythromicin 
and cephalosporins. 

Ant i- viral agents sure substances capable of destroying or suppressing the 
replication of viruses. Examples of anti-viral agents include a-mcthyl-P-adamantane 
30 methylamine, l,-D-ribofurano$yl-l,2,4-triazolc-3 carboxamide, 

9-[2-hydroxy-ethoxyjmethylguanine, adamantanamine, 5-iodo-2'-deoxy\iridinc, 
trifluorothymidine, interferon, and adenine arabinoside. 

Enzvme inhibitors are substances which inhibit an enzymatic reaction. 
Examples of enzyme inhibitors include edrophonium chloride, N-methylphysostigmme, 
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neostigmine bromide, physo^igmine sulfate, tacrine HCl, tacrine. 1-hydroxy maieate, 
iodotubercidin. p-bromoietramisole. l^(alpha-dictiiylaminoprcpionyl)- pLenothiazine 
hydrocbioride, calmidazoUum chloride, hemicholininm-3. 3,5-dinitrocaachol, 
diacylglycerol kinase inhibitor I, diacylgiycerol kinase inhibitor H, 
5 3-phenylpropargylainine, N'-mooooiethyl-L-arginine acetate, carbidopa, 

3-hydro5cybenzylh7drazine HQ, hydralazine HQ. dorgyline HQ, deprenyl HQ.LQ-. 
J deprenyl Haj)(+)-. hydrorylamine HCl, iproniazid phosphate, 

6-MeO-tetrahydro-9H-pyrido-indole. nialamide, pargyline HCl, quinacrine HCl, 
semicarbazide HQ, tranylcypromine HQ, N,N^ethylaminoethyl-2,2-diphcnylvalcrate 
10 hydrochloride. 3-isoburyl-l-methybcanthne. papaverine HQ, indomethacind. 

2-cyclooctyl-2-hydroxyethylainine hydrochloride. 2.3Kiichloro-a-mcthylbenzylamine 
(PCMZ), 8,9-dichloro-2.3.4,5-tetrahydro-lH-2-ben2a2epine hydrochloride, 
p-aminoglutethimide. j^aminoglutethimide tartrarcjl(+)-. p-aminoglutethimide 
tanrate,S(-)-, 3-iodotyrosine. alpha-m«hyItyrosine,L-, alpha -methyltyrosineJJ L-, 
15 acetazolamide, dichlorphenamide, 6-hydroxy-2-ben20thiazolesulfonaniide. and 
allopurinol. 

Neurotoxins are substances which have a toxic effect on the nervous system, e.g. 
nerve ceUs. Neurotoxins include adrenergic neurotoxins, cholinergic neurotoxins, 
dopaminergic neurotoxins, and other neurotoxins. Examples of adrenergic neurotoxins 

20 include N-{2^oroethyl)-N-ethyl-2-bromobenzylaniine hydrochloride. Examples of 

cholinergic neurotoxins indude acetylcthylcholine mustard hydrochloride. Examples of 
dopaminergic neurotoxins indude 6-hydroxydopamine HBr, 
l-m«hyl-4-(2-methylphenyl)-l,2,3.&- tetrahydro-pyridiae hydrochloride, 
l.methyl-4-phenyl-2,3- dihydropyridinium perchlorate, N-methyl-4-phenyl-l,2p,6- 

25 tetrahydropyridlne HCl. l-mcdiyl-4-phenylpyridinium iodide. 

Opioids arc substances having opiate like effects that are not derived from 
opium. Opioids indude opioid agonists and opioid antagonists. Opioid agonists indude 
codeine sulfate, fentanyl airate, hydrocodone bitartrate. loperamide HQ, morphine 
sulfate, noscapine. norcodeine, normorphine. thebaine. Opioid antagonists indude 

30 nor-binaltorphimine HCl. buprenorphine. chlomaltrexamine 2HC1. funaltrexamione 

HCl, nalbuphine HCl, nalorphLne HCl, naloxone HCl, naloxonazine, naltrexone HCl. 

and naltrindolc HCl. 

Hvonotics are substances whidi produce a hypnotic effect. Hypnotics indude 
pentobarbital sodium, phenobarbital, secobarbital, thiopental and mixtures, thereof. 
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heterocyclic hypnotics, dioxopiperidines, glutarimides, diethyl isovalerarnide, 
a-bromoisovaleryl urea, urethancs and disulfanes. 

. Ancihisiamin es are srabstances which competitively inhibit the cfrecLs of 
histamines. Examples include pyrilaminc, chlorpheniramine, tctrahydrazoline, and the 
5 like. 

|LuKriranrg are substances that increase the lubricity of the environment into 
^ which they are delivered. Examples of biologically active lubricants include "vater and 
saline. 

Tranquilizers are substances which provide a tranquilizing effect. Examples of 
10 tranquilizers include chloropromazine, promazine, fluphcnzaine, rcserpine, deserpidine, 
and meprobamate. 

Anti-convulsants arc substances which have an effect of preventing, reducing, or 
eUminaring convulsions. Examples of such agents include primidone, phenytoirt, 
valproate, Chk and ethosuximide. 
15 Muscle r elaxants and anti*Parkinson agents are agents which relax muscles or 

reduce or eliminate symptoms associated with Parkinson's disease. Examples of such 
agents include mephcnesin, methocarbomal, cyclobenzaprinc hydrochloride, 
trihexylphcnidyl hydrochloride, Icvodopa/carbidopa, and bipcridcn. 

Anti-spasmodics and muscle contracrants are substances capable of preventing or 
20 relieving muscle spasms or contractioxis. Examples of such agents include atropine, 
scopolamine, oxyphenonium, and papaverine. 

Miotics and anti-cholinerg ics are compounds which caiise bronchodilation. 
Examples include echothiophate, pilocarpine, physostigminc salicylate, 
diisopropylfluorophosphaic, epinephrine, neostigmine, carbachol, methacholine, 
25 bcthanechol, and the Kke. 

Anti'gl aucoma compounds include betaxalol, pilocarpine, timolol, timolol salts, 
and combinations of timoiol, and/or its salts, with pilocarpLne. 

Anti-oarasitic - protozoal and -funpJs include ivermectin, pyrimethamine, 
trisulfapyrimidine, clindamycin, amphotericin B, nystatin, flucytosine, natamycin, and 
30 miconazole. 

Anti'hvperrensives are substances capable of counteracting high blood pressure. 
Examples of such substances include alpha-methyl dop a and the pivaloyloxyethyl ester of 
alpha-methyldopa. 

Analgesics are substances capable of preventing, reducing, or relieving pain. 
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Examples of analgesics include morphine sulfate, codeine sulfate, meperidine, and 
nalorpxiine. 

Anii-pvretics are substances CMJable ofreHeving or reducing fever and 
anri-inflammaiory agents are subKaaces capable of counteracting or suppressing 
5 inflammaiion. Examples of such agents include aspirin (salicylic add), indomethacin, 
sodium indomethadn tribydraie. salicylamide, naproxen, colchicine, fenoprofen, 
sulindac. diflunisal. didofenac, Indoprofen and sodium saHcylamide. 
^ J nr^l ane^etics are substances which have an anesthetic effect in a localized 

region. Examples of such anesthetics include procaine, Udocain. tetracaine and 
10 dibucaine. 

Ophthalmics include diagnostic agents such as sodium fluorescein, rose bengal, 
methachoUne. adrenahne, cocaine, and atropine. Ophthalmic surgical additives include 
alpha-ch)rmon7psia and hyaluronidase, 

Prr.«a^.landins are art recognized and arc a class of naturally occurring 
15 chemically related, long-chain hydroxy fatty adds that have a variety of biological 
effects. 

AnriwHrnressants are substances capable of preventing or relieving depression. 
Examples of anti-depressants indude imipramine, amitriptyline, nortriptyUne, 
protripryline. desipramine. amoxapine, doxepin. maprotiline. tranylcypromine, 
20 phenelzine, and isocarboxazide. 

AnT;.p5rtrehotic substances are substances whidi modify psychotic behavior. 
Examples of such agents indude phenothiazines, butyrophenones and thioxanthenes. 

ATiti-emetics are substances which prevent or aUeviate nausea or vomiting. An 
example of such a substance indudes d r a mamin e. 
25 Ima^inr agents arc agents capable of imaging a desired site, e.g. tumor, in vivo. 

Examples of imaging agents indude substances having a label which is detectable in vivo, 
e.g. antibodies artadied to fluorescent labels. The term antibody includes whole 
aniibodies or fragments thereof. 

Spedfic rar Yetin^ agents indude agents capable of delivering a therapeuuc agent 
30 to a desired site. e.g. tumor, and providing a therapeutic effect. Examples of targeting 
agents indude agents which can carry toxins or other agents which provide beneficial 
effects. The targeting agent can be an antibody linked to a toxin, e.g. ridn A or an 

antibody linked to a drug. 

N^,rnrransmirters are substances whidi are rdcased from a neuron on exdtation 
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and travel to cither inhibit or excite a target cell. Exaraples of neurotransmitters include 
dopamine, serotonin, q-amino butyric acid, norepinephrine, histamine, acetylcholine, and 
epinephrine. 

Cell response modifiers are chcmotactic factors such as platelet-derived growth 
5 factor (PDGF). Other chemotactic factors include ncutrophil-acnvating protein, 

monocyte chemoattractant protein, macrophage-inflammatory protein, platelet factor, 
f platelet basic protein, and melanoma growth stimulating activitjr; epidermal growth 

factor, transforming growth factor (alpha), fibroblast growth factor, platelet-derived 
endothelial cell growth factor, insulin-like growth factor, nerve growth factor, and bone 

10 growth/ cartilage-inducing tiCTor (alpha and beta), or other bone morphogcnetic protein. 

Other cell response modifiers are the interleukins, interleukin inhibitors or 
interleuldn receptors, including interleukin 1 through interleukin 10; interferons, 
including alpha, beta and gamma; hematopoietic factors, including erythropoietin, 
granulocyxe colony stimulating factor, macrophage colony stimulating factor and 

15 granulocyte-macrophage colony stimulating factor; tumor necrosis factors, including 
alpha and beta; transforming growth factors (beu), including beta-1, beta-2, beta-3, 
inhibin, and activin; and bone morphogenetic proteins. 

As those skilled in the art will appreciate, the foregoing list is exemplary only. 
Because the aqueous responsive polymer network composition of the present invention 

20 is suited for applicarion under a variety of physiological conditions, and in pamcular is 
well-suited for transmucosal applications, a wide variety of pharmaceutical agents may be 
incorporated into and administered from the responsive polymer network composition. 

Other routes of delivery include, but are not limited to, opthalmic, otic, nasal, 
buccal, sublingual, injectable, dermal, subdcrmal, oral, vaginal and rectal. These routes 

25 benefit from the responsive polymer netrwrork being a system that has reverse 

viscosification, bioadhesion, and emulsification propcrccs. In terms of opthalmic 
delivery, the responsive polymer network composition may be used as a liquid vehicle at 
ambient temperature, and" after administration to the eye, the responsive polymer 
network would become viscous to facilitate the delivery of actives or act as an adjuvant 

30 for lubricity and humectancy. In terms of nasal delivery, the responsive polymer could 
be delivered as a spray to the nasal cavity which would then viscosify in place, and 
provide a film for coating the nasal mucosa. In terms of injectable delivery, the 
responsive polymer network compositions may be used as an enteric coating for tablets 
or as a suspension for delivery of active agents that benefit from extended release 
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through viscosincation in the gastrointestinal tract. In terms of vaginal and rccxal 
delivery, typical formulations exhibit viscosity decreases at body temperature and exude 
out of the vaginal or rectal cavity. The increase in viscosity at body temperature that 
VvOv^^ the responsive polymer network exhibits will help to prevent leakage. 
^•"^ 5 Tlie!i^diaiive ;p^ niay be used in a variety of 

apphcandnsj w^ it is 'dcsircd to change the viscosity of a liquid environment/ The 
( responsive polymer network composition may be used to reversibly modify the 

viscosity of an article, device or composition, by incorporating an aqueous responsive 
polymer network composition comprised of about 0.01 to 20 wt^b, and preferably about 
10 0.1 to 5 wt%, of associating responsive component and about 0.01 to 20 wt%, and 

preferably about 0.1 to 5 wt%, of a solvophilic component capable of expansion and 
contraction as a funaion of ionic strength into the article, device or composition. By 
increasing temperature, the aqueous composition exhibits at least a five-fold increase in 
viscosity upon gelation, and by reducing temperature, the composition exhibits at least a 
15 five-fold decrease in viscosity upon liquification. 

The four primary characteristics of the materials introduced herein, which can 
be exploited for commercial applications arc: ' 

1) Reversible viscosifi cation above the transition temperature. 

2) Reversible "setting'* at temperatures above the transition temperature. 
20 3) Controlled release of loaded molecules. 

4) Conformation to physical enviromnent upon viscosification or formation of a 
semi-solid material 

Reversible Viscosification: The reversible viscosification of the responsive 
polymer network family at elevated temperatures makes the materials ideal for a 
25 magnitude of functions in several different fields. One application would be in the 
industrial and automotive use of oils and lubricants. Traditional lubricating products 
tend to thin under iiigh temperature conditions, often to the point where they become 
completely ineffective in reducing friction. An oil. or lubricant which contained the 
correct proportion of a reverse thermal gel, however, would be just as effective at high 
30 temperatures as at low temperatures, as the viscosifying effect of the responsive polymer 
network woxJd coimteract the thinning of the other constituents of the lubricant as the 
temperature rose above the responsive polymer network's transition temperature. The 
same principle which makes the responsive polymer network's useful in this application 
would abo make them suitable as thickening agents in other commercial products such 
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as paints and eoanngs^ liquid cleaners and polishers, as well a. food products, especially 
imcrowave foods, at Iny temperature above the transition. Cleaning products ^-hich are 
intended to ac: at high temperatures, oven cleaners in particular, would especially 
benefit from the addition of a reverse-thermal tranflnpn^responsiye polymer network, as 
5 the viscosifying effea above the transition temperature would act to thicken the 

solution and keep the cleaner fixed and evenly spread over the oven surface during the 
( cleaning process. Novel products could also be developed from this principle such as a 

-iicjuid chi^g fum- ihich could be sold, stored, and introduced into the mouth as a 
Uquid, at which point it would viscosify and take on the properties of regular chewing 
10 g;um. 

Another primarily industrial use of the "thickening" of solutions containing the 
responsive polymer network is in emulsions. Currently cmulsifiers are often negatively 
effected by increased temperatures. A simple example is the loss of volume and 
-lightness- of whipped cream upon heating. An additive with reverse thermal 
15 ^scosification properties, however, would react in exactly the opposite way, increasing 
its ability to emulsify as it gained three-dimensional structure upon heating above its 
transition temperature. The ability to emulsify solutions at high temperatures would be 
applicable in other solutions, including paints, coatings, and waxes. 

In the appHcations where the responsive component is a surfactant, the^^ 
, 20 responsive polymer network will have the ability to act as a!?^iiii!^i^^ 
^ Ql^^ "oQs^any (or with very Uttle) addition of traditional surfactant. The responsive polymer 

^-^^d5>^ network will also act as a mbilizer for bfl-soluhle ingredients that would conventionally 
>/ need to be solubilized by oils in formulation. The associating portion of the interacting 

penetrating network forms domains that aa as reservoir ^Mii materialsy These two 
features of the material of the invention would enable it to be used as a base in a 
...^^etic fdrinulation that would be non-greasy due to lack of oils, such as petrolawm 
and minera] oil. 

The emulsificauoi abHities of the responsive polymer network would aUow a 
material to be maintained in a system for an indefinite period of time. The 
emulsification could provide a barrier around the material. '^Sf^aiSple wbuldte a ■ f 
|I^^tl'^^:^ iinascara.^ The emulsification abilities of the responsive polymer 
network could also provide a controlled diffusion from the material upon activation. 
Two examples would be the continuous release of a fragrance in a diodorant or cologne,, 
or the release of an active ingredient such as an antiperspiranc 
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The ruponsive polymer network's ability lo yiscosity with Lncrcased 
temperature could provide a semi-permeable or impermeable barrier. .In:.a cosmetic ^ 
^^^^^^^y^ formulation, this feature would provide a protccuve barrier or allow for a slow diffusion 

j^X^ ^ other materials. The responsive polymer network may also become increasingly rigid 

5 with increasing temperature and/^^^^cr^^;ngid|3^^o^5^gi^ 

The responsive polymer network exhibits bioadhesive characteristics. In 
f <x>2m^crfp responsive polymer network would adhere to the skin or 

hair or hold other materials to the skin or hair. 

The reversible gels of the invention could also have a significant benefit in cases 
10 where on wished to mainrain or establish a viscosity property in a change from a cold 

(e.g., refrigerated) to a heated environment. Two examples arc dripless ice cream (where 
the gel serves to add viscosity to the ice cream as it melts) and a repair system for the 
Alaska pipeline (where a joint might contain a Uquid version of the gel which would 
\iscosify in the event of an oil leak to keep oil from leaking, the oil being at an elevated 
15 temperamre compared to the cold Alaskan environment). 

The gel coxild also provide a dye to indicate that something had been exposed to 
too low a temperature. Currently, there are products that are designed to change color 
and indicate when something has been exposed to too high a temperature, but this dye 
could indicate, for example, that a material that changes state, i.e., crystaUinity, has been 
20 frozen and therefore the change of stare indicated by the change of color would be 
important. 

The material can also be useful to help introduce a gel-like material into a space 
where a semi-solid material would be difficult to introduce. For example, in capillary 
electrophoresis, it would be useful to introduce the separations material in a liquid form 
25 and then to gel it in situ, thereby greatly reducing the time required. As another 
example, electrical and optical wires are often protected by gels, and the gel of the 
present invention could help protect such wires by allowing field repair and coating in 
difficult to reach areas. 

Finally, the ability to form a highly viscous solution reversibly may be especially 
30 useful in electrophoresis and other types of chromatography. The material could be 
poured into colunms or plates at low temperatures, warmed above the transition to 
produce a matrix with separation capabilities, and then cooled after separation for easy 
replacement of contaminated material and recovery of products. 

Sening or Binding . The second property of the responsive polymer network's, 
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the abUity to set «p with increased temperarures. can be viewed as an extension of the 
viscosifying effea but has somewhat different appUcations. In the food industry for 
instance, this characteristic would be useful in the manufacturin| process. For example, 
the fast setting of the responsive polymer network could be utiiiwd in the manufacture 
5 of hard candies where it would be useful to have the product take on more manageable 
handhng properties quickly, before the slower process of hardening by cooling sets in. 
( In formulations approved by the proper regulatory agencies, the responsive polymer 
network's could be introduced into the ^^^^^a«ioh-m appropriate amounts to 
cause tSe candy to harden enough to be moved along in the manufacturing process long 
10 before the candy has cooled enough to become soUd and non-tacky on its own. This 
process might also introduce further desired properties in the end-product by making 
the candy slower melting and longer lasting. 

The same effect could also be introduced into additional industrial appUcations 
where the responsive polymer network might serve in binding, extrusion, molding. 
15 cementing.*and modified coating appUcations. An example of the use of the responsive 
polymer network as a binding agem would be in ceramics. In this case, the binding 
agent holds together the fine particles of the ceramic objea until the firing process is 
complete. The responsive polymer network is ideal for this appHcation because it can 
be easily appUed as a solution and will hold the particles in place until the object is fuUy 
20 fired, since it wiU begin to viscoslfy and bind particles as soon as the temperature is 

sUghily elevated and will continue to do so even at the high temperatures involved in 
the firing process. The system can also serve as a thixatrope or a viscosity modifying 
agent below geUation temperature. In the same way, the responsive polymer network 
solutions couid be useful for sheet and fiber extrusion as well as molding processes, as 
25 they would supply the cohesion which is necessary prior to the completion of airing. 
In cementing applications, the reverse thermal gelation would be useful in any instance 
in which it would be desirable to have the cement se: up quickly. Exothertnic 
reactions, such as cement curing, would be particularly interestmg because the heat 
generated would cause a significant thickening of the uncured cement. Thus, the correa 
30 amount of responsive polymer network would help the cement to set even before the 
curing process was complete. For ^gsl the responsive polymer network solutions 
could be used in modified setups where the coaling material is mixed whh the 
responsive polymer network solution and applied to the surface to be coated. The 
temperature could then be elevated above the transition temperature, firmly but 
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temporarily nxing the coating in place. The temperature could then be mrchcr elevated 
to drive off the remaining water, leaving behind the smoothly coated material. Another 
industrial application for the responsive polymer network faxniiy is in adhesive 
applications and pastes. In those instances where it is preferred that one have an 
5 adhesive which can be made to adhere and then easily reverse its properties, the 
responsive polymer network's co\ild be ideal candidates. A correctly formulated 
solution could be designed with the needed degree of strength and adherence when the 
responsive polymer network sets up above its transition temperature. The adhesion 
could then be reversed simply by reducing the temperature below the transition. 

20 ro^trolled Release, * The ability to provide controlled release of relatively small 

molecules, previously examined in detail for personal care ind pharmaceutical 
applications, could also be applied to the agricultural and industrial fields. For 
example, a "plant food" solution, applied to soil as a liquid at low temperature and 
allowed to viscosify at ground temperanire, would piroyide^prplong release of f 

15 nourishment top-ops by significantly reducing runoff and isolating the nutrients around 
the roots of the plants. In industrial applications, the same principle could be exploited 
to provide a slow and continuous stream of any additive, slowing the rate of 
introduction of the additive at elevated temperatures. The release could be utilized in 
coating systems, cleaning systems, and manufacturing processes in which it is desirable 

20 to keep the additive in physical proximity to other materials involved in the process, 
without allowing the total amount of additive to become involved in the system's 
activities at the time it is introduced. The controlled release of materials is also very 
applicable to the food industries, where one could envision the use of controlled 
diffusion from the material above its transition temperature to provide a constant release 

25 of flavors and fragrances in the mouth. Likewise, the ability of the highly viscosified 
responsive polymer network to impede movement of large molecules could be utilized 
CO produce "rnrymg factories" where the enzyme is immobilized by the rigid structure, 
but substrate and product molecules are allowed to diffuse in and out of the matrix. 

Conformation. The ability of the responsive polymer network's to conform to 

30 any shape upon formation of the semi-solid state has applications in a variety of 

consumer produas. The reversibiy gelling polymer networks could be used in a variet>' 
of footwear applications, such as in the insoles (factory or aftermarket), ankle collar, 
tongue, etc. to give the wearer a custom fit and to enhance comfort and support. This 
could be incorporated into almost any type of footwear including athletic shoes 
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(walkiiig. nxnning, cross training, basketball, tennis, golf, deatcd, etc.) casual or ciress 
shoes, slippers, sandals, hiking boots, work boots, ski boots, in line skates, ice skates, 



etc. 



These gels can also be used to provide conformable fit and support in a variety 
5 of different protective gear and sporting goods applications such as helmets 

(football.bascball, hockey, bicycle, motorcycle etc), mouthpieces, headgear fooxing. 
wrestling, etc.), sports gloves (baseball, boxing, hockey, lacrosse, etc), bike seats, masks 
(hockey, catcher, lacrosse, etc,), shoulder pads, knee pads, shin pads, elbow pads, weight 
belts, athletic supporters, goggles, saddles, hand grips (fitness equipment, tennis racauets. 
10 baseball bats, etc.), sports clothing including wetsuits, drysuits, padded garments (biking 
shorts, etc) and conformable garments. 

Conformable gels could be used in health care applications like onhopcdic 
devices, prosthetic appliances, denture plates, hearing aids, various braces (ankle, neck, 
knee, etc), conformable padding for crutches, wheelchairs, casting bandaging, splints, 
15 etc. 

A variety of other consumer and industrial uses are also possible for these 
conformable gels. These would include women's brassieres, eyeglass and sunglass nose 
bridges and ear supports, seating and furniture (chairs, beds, sofas, car seats, baby scats 
etc.), headphones (aviation, protective, studio, consumer audio), shoulder and hand rests 

20 for telephones, keyboards, etc, conformable toys and modeh, teething rings, and 
conformable packaging for shipping. 

Bii-field-Abplications. The applications will indude all those where an increase 
in viscosity is advantageous. The apphcations also include those where a controllable 
decrease in viscosity would also be advantageous, such as underbalanced drilling. 

25 The polymer system would allow good gas entrainment inside the well, which 

would help maintain a homogeneous density and uniform pressure throughout the well. 
While at the surface the decrease in viscosity would allow for good separation of the 
gases and particulate (cuttings), allowing for a cleaner mud to be pumped back into the 
hole. The polymer system would have the properties of Xantham gum while in the 

30 well without the negative property of being a food source for microbial growth and 
soUd and gas entrainment at the surface. Also, the current fluids for underbalanced 
drilling are quite thin. During periods of overbalanced pressure, the fluid loss and 
formation damage can be quite severe because of the low viscosity of the fluid. With a 
thicker fluid, the invasion would be much less because the increase in viscosity would 
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10 



si wo down the rare of formation peaarraiion. 

]t>mnvaTrsf mnmes . J/iscosity is not a desirable trait of a drilling fluid while 
being pumped into the weU. The viscosity is desirable in the annulus of the hole to 
remove cuttings from the well. The drilling fluid would be pumped into the well down 
the drill string. The drill string is usuaUy cooler than the rest of the well, because it 
contains fluid that has recently been on the surface. The fluid would then leave the drill 
string and heat up. The increased viscosity would carry the cuttings to the surface. The 
current technology requires rigorous methods to then remove the cuttinp from the 
fluid. The responsive polymer network based drilling fluid would cool and the carrying 
capacity would decrease and simple settUng could be employed. The behavior would 
then be analogous to Xanthan gum, but in a synthetic material wherein the temperature 
could be modified. The responsive polymer network could also be used as a plug for 
cleaning out the well. Drilling would cease and the responsive polymer necwork-based 
fluid would be pumped down and the increased viscosity would clean the hole of any 
15 cuttings. Drilling with the regular fluid would then resume. 

•r: i\ if-Si^ ^r;ntrb\ flad . 'I>uring drilling the formation porosity could change 
drastically causing whole mud to enter the formation. The responsive polymer network 
could be pumped into the formation and as the heat from the formation warms the 
in%-afling fluid, the fluid would viscosify and effectively stop the fluid from continuing to 
enter the formation. This could be permanent or a solution of high salinity could be 
pumped down to remove the viscosifying properry of the responsive polymer network. 

rnn^nlidation ^( «"H formations. During offshore driUing. the weU often 
passes through areas of unconsolidated sands or shallow water flows. The responsive 
polymer network could be pumped down and viscosify with the change in temperature. 
25 The formation would then be stable enough to driU through. Cement could then be 
poured to further stabilize the formation. This would not need to be reversible. 

7nn.1 .hiunfftool. If dunng drlliing, you wanted to temporarily seal a section 
of the well, the fluid could be pumped into place and the temperature would soUdify the 
material. This could latter be removed by cooling the seaion with water or by 
30 pumping down a brine to remove the viscosifying property from the responsive 
polymer network. 

rvh,r - r^'^erH^I apphcations. . The responsive polymer network may have 
additional benefits not described above. One would be the abHity to provide a toy 
which modified shape and then set to firm that shape. Another would be as a 
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tKermally-triggered mechanical device such as a sensor or valve. The ability of the 
responsive polymer network gel to hold a hydrophobic material in the presence of an 
aqueous solution will also be useful in the preparation of non*grcasy ointments, where it 
is desired to reduce the amount of organic solvent. The reverse thermal gel could be 
5 useful in a gel preform, as reverse of "lost wax" castings. In this case, the gel would 

retain its shape as the object is formed and on cooling, it would cum to liquid and could 
( then be draizicd from the preform. 

The possible applications of such a revcrsibly gelling composition are numerous 
and include, by way of example only, as oil and lubricant additives, food additives, 
10 emulsion addidves, use in electrophoresis and chromatography, as adhesives and binding 
agents, and as curing agents. They may be useful to provide initial green strength in a 
liquid system while it is being cured or may be used to slow delivery of an additive at 
high temperature. The responsive polymer network composition may be used in shoes, 
shoe liners, brassieres or other articles of clothing, or medical prosthetic devices to 
15 provide conformaaon, fit and comfort. The responsive polymer network composition 
may be useful in a condom as a coating which would in response to body temperature 
provide a degree of me chani cal stiffness to the condom-responsive polymer network 
system. The responsive polymer network composition may be used in chermo- 
mechamcal device, such as a sensor or valve. It may also be used as an in-situ plug 
20 which gels at higher temperature and then releases at a lower temperature. As an 

example, the responsive polymer network composition would be useful as a temporary 
block to the flow of urine. Then, for example, by lowering the temperature or by 
exceeding the holding strength of the plug, the flow of urine could be made to occur. 
The thermally reversible gel could be useful for ^S^^iontaizuhent, such that it 
25 would Viscosify when a first started and keep burning liquid from spreading. Another 
example is a gel which is liquid in a fire extinguisher and becomes a gel when it comes 
in contact with a hot object. The gel composition of the invention may be useful as an 
energy absorber at high temperatures where other systems break down. The gel may be 
useful to open and dose pores in clothing or other fabric articles in response to heat. 
30 An example is a hot mitt, which is "breathable" at room temperature and would close 
down when exposed to heat. The gel may be useful in supercritical fluids system. The 
gel retains its properties at supercritical conditions and could therefore provide a 
mechanism for separating something in a supercritical system. For example, the gel is a 
liquid at room temperature, and is raised to supercritical conditions at which point a gel 
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is formed. The pressure is tiien lowered but nor to room temperature, so that the gel 
retains whatever it surrounded. 

The responsive polymer network complexes and aqueous gels of the present 
invention may be imdcrstood with reference to the following examples, which are 
5 provided for the purposes of illustration and which are in not way limiting of the 
invention. 

Example 1 This example describes the synthesis of a responsive polymer 
network and an aqueous responsive polymer network solution prepared using a triblock 
polymer of ethylene oxide and propylene oxide (Plurooic* F27) and poly (acrylic add). 

10 This example also characterizes the gelation and the physical properties of the resultant 
responsive polymer network. 

Svmhesis. Block copolymer of propylene oxide (PO) and ethylene oxide (EO) 
having sandwich structure (EO)a(PO)b(EO)a (Pluronic F127 NF, Poloxamer 407 NF, 
where *F" means Flakes, "12" means 12X300-3600 • MW of the poly(propylene oxide) 

15 section of the block copolymer, "7" ethylene oxide in the copolymer is 70 wt%, and 
nominal molecular weight is 12,600) from BASF (3.0 g) was dissolved in 3.0 g acrylic 
acid (Aldrich). This represents a substantially 1:1 molar ratio of Pluronic® F127 and 
polyacrylic add. The solution was dcaeratcd by Nj bubbling for 03 h and following 
addition of 100 /il of freshJy prepared saturated solution of ammonium persulfatc 

20 (Kodak) in deionized water was kept at 70 *C for 16 h resulting in a transparent 
polymer. 

^ ViscosiTV measurements. A known amount of the resultant polymer was 

isuspeiaded in 100 ml deionized water into which NaOH was added. |Following swelling ^ 
for .3 . days while stirring, the pH of the resulting fine suspension was adjusted to 7. 

25 Samples of 15 ml each were taken, and pH in each vial was adjusted to desired value by 
addition of 1 M HCi or NaOH, Samples were then kept overnight and their viscosities 
were measured ar different temperatures using Brookfleld viscometer using either an 
SC4-18 or an SC4-25 spinille. 

A control experiment was done with a physical blend of Pluronic® F127 and 

30 polyacrylic add (MW 450,000) available from Aldrich. Pluronic* F127 and polyacrylic 
add were dissolved together in dd onized water at 1 wt% total polymer concentration 
and the resultant solution was adjusted to pH 7, stirred and kept in refrigerator. The 
responsiveness of the responsive polymer network composition and the physical blend 
to temperature and pH is illustrated in Figs. 1, 2 and 5. Figs. 1 and 2 dearly 
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demonscme chat the synthetic route outlined above resulted in a responsive polymer 
ncrwork polymeric system that is sensitive to pH and temperature of the environment. 
Note that the liquid-gel transition is very sharp, occurring over a very small temperature 
change or ^pH. Fig, 5 is a viscosity vs. temperature graph comparing the gelling 
5 characteristics of the responsive polymer ncrwork composition and the physical blend. 
The blend prepared by physically mixing of the triblock EO/PO/EO polymer and 
polyacrylic acid did not exhibit viscosifying effect cither as a fimction of temperature or 
pH. 

It was generaUy observed that 1-5 wt% responsive polymer ncrwork 
10 compositions made of Pluronic* F127 and polyacrylic acid viscosify at temperatures of 
around 30 and higher if pH is adjusted to 6 or higher. The gelling efreci was 
observed in responsive polymer nerwork compositions standing 3 months or longer. 
Repeated heating and cooling of responsive polymer ncrwork compositions did not 
cause deterioration of the responsive polymer network or the gelling effect. Solutions of 
15 either Pluronic F127 or polyacrylic add (1-5 w% in water, adjusted to pH 6 or higher) 
or physical blends of the two lacked the gelling effects found for responsive polymer 
network compositions. 

Responsive polymer network structure. Solutions (1 wt% each) of responsive 
polymer network composition, a polyacrylic acid (alone) polymerized without Pluronic* 
20 and Pluronic* F127 (alone) were subjected to gel permeation chromatography analysis 
using triple detector system (light scattering, viscometer, and refractive index detection, 
Viscotek). The results of molecular weight determination are outlined in Table 1. 
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Table 1. Results of molecular weight determination of polyacrylic acid 
in responsive polymer network, polyacrylic acid itself (PAA), 
and Pluronic* F127. 



Parameter 


Detimuon 


responsive 
polymer 
network 
complex 


polyacrylic 
acid 


Piuromc 
F127 


Number-average MW 




212^00 


782,000 


12.100 


Weight-average MW 


M^-LnJvliViJnj 


391,100 


3,096,000 


12,500 


z-Average 


M^-EniMiVLniMi^ 


775,600 


14,620,000 


12,900 


Peak average 


aetcrmxned by MW 

standards 


297,000 


1,140.000 




Poiyoispersity 


M^M, 


1.84 


3.96 


i.oi 


Kadius of gyrauon 


rms distance trom mass 
center 


17.51 


62,14 


4.34 



It be seen from Table 1 that polyacrylic acid of the responsive polymer 
network composition and polyacrylic add synthesized alone arc substantially different in 

15 molecular weights and polydispersit>'. The presence of the triblock (EO)CPO)(EO) 

polymer and its interaction with the developing polyacrylic add chains had a measurable 
effect on the final responsive polymer network composition. Namely, j^^aciylic add 
synth«ized:in presence of the triblock (EO)(PO)(EO) polymer, is of lower molecular \^ 
wdghrrahd is much-mqre monodisperse.tha^^ 

20 Pluronic* was very monodispcrse and it's molecular weight corresponded to the data 
provided by the supplier. Thus, the responsive polymer network compositions of the 
present invention are more than the sum of two individual polymers. 

Further information on the structure of the responsive polymer network may be 
gained using the Mark-Houwink equation. Analysis using Mark-Houwink equation 

25 [77]= KM.-, (1) 

where [77] is intrinsic viscosity of (dilute) polymer solution, M, is viscosity-average 
molecular weight of the polymer, K and a are spedfic constants, ran reveal the status of 
the polymeric chains. The viscosity and molecular wdght data obtained for PAA and 
responsive polymer network are expressed in terms of equation (1), in double 

30 logarithmic coordinates so that the initial slope of the curves corresponds to the 
parameter a, which is a measure of branching of the polymeric chains. Results on 
measurement of ^ are collected in Table 2. 
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Table 2. Mark-Houwink parameter a and it's interpreiatioc. 



System 


a 


Inicrprctauoc 


iJiiute polymer soluaon in a 
good solvent 




Kanaoxn coii 


Same 


= 1.8 


Rigid roo 


1 "WT% poiyacryiic aad 


0.477 (Log 1.990) 


1 inrar 


1 wt% responsive polymer 
network composiiion 


(Lo^«-6.646J 


Highly brancaea 


1 wt% Piuromc* 


0.529 (Log K— 2.907) 


Linear 



Comparison of a values suggests thai polyaarylic M prepared ,b;^.iTic^ 
FHT. are..linea|t whereas the. responsive polymer:network'c»m^^^ ^ 
braxiched (see differoices in a and Becaiise the preparaiion of the responsive 
polymer network composition uses preformed triblock polymer, it may be reasonably 
15 assumed that the grafting of the triblock polymer onto the poiyacryiic acid is the source 
of the branching. 

Branching of poiyacryiic acid in the responsive polymer network composition 
can explain its stability (i.e. ability of responsive polymer network composition to 
remain thermo-rcsponsive in dilute solutions for many months) and also may explain 

20 the phenomena of viscosification at temperatures below the doud point. Branched 
poiyacryiic add molecules interpenetrate and become entangled with each other and 
with the triblock (EO)(PO)(EO) polymer and thereby forms a constrained, stable 
structiire. Because of the branching nature of the responsive polymer network 
composition and the degree of entanglement which arises from the preparation of the 

25 interacting network, the constituent polymers experience a much stronger degree of 
interaction than physically mixed polymers. These structures interact even more 
strongly because of the tendency of responsive components, such as the triblock 
(EO)(PO)(EO) polymers to form aggregates in solution. 

Example 2 This example describes the synthesis of a responsive polymer 

30 network and an aqueous sesponsive polymer network composition prepared using 

Pluroiuc® F108 and poly(acrylic add)? This example also characterizes the gelation and 
the physical properties of the resultant responsive polymer network composition. 

Synthesis. Block copolymer of propylene oxide (PO) and ethylene oxide (EO) 
having sandwich structure (EO)a(PO)b(EO)a (Pluronic F108 NF. Poloxamer 338 NF, 

35 where "F" means Flakes, "10" means 10X300-3000 - MW of the poly(propyiene oxide) 
section of the block copolymer, "8" means that the weight percentage of ethylene oxide 
in the copolymer is 80%, and nominal molecular weight is 14,600, 3.0 g) was dissolved 
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in 3.0 g acrylic acid (Aldrich). The solution was prepared as described above tor 
Example 1. 

Viscosity measurements. A known amount of the resultant polymer was 
suspended :in 100 ml dcionizcd water into which NaOH was added. Following swelling 
5 ^ for 3 days wh£e.sunittg, the pH of theSwu^ngviSneTsuspiens was adjusted to 7. The 
responsive polymer network composition was studied as described in Example 1. 
^ responsive polymer network compositions of 1 wi% Pluronic* F108 and polyacrylic 
acid (1:1) viscosified at temperatures of around 34 **C and higher at pH 7, as illustrated 
in the viscosity vs. temperature graph in Fig. 6. Bleated heating and cooling of the 

10 responsive polymer network composition did not degrade the gelling effect. The liquid 
to gel transition of 34' C correlates well with the observed characteristic temperature of 
33.7 ''C of the endothermic peaks that arc seen in the DSC endotherm (see Fig. 7). The 
peaks arc measured to have enthalpy value of 1304 caL/ g. This also corresponds closely 
to a similar endotherm observed for Pluronic® F108 alone. The observed correlation 

15 supports the conclusion that it is the formation of the triblock (EO)(PO)(EO) polymer 
aggregates that contribute to the gelation of the responsive polymer network 
compositions. 

Example 3 This example describes the synthesis of a responsive polymer 
network and an aqueous responsive polymer nerwork composition prepared using 

20 Pls^OAcSBSlJi^Jgl^ example also characterizes the gelation 

and the physical properties of the resultant responsive polymer network composition. 

Synthesis. Block copolymer of propylene oxide (PO) and ethylene oxide (EO) 
having sandwich structure (EO)a(PO)b(EO)a (Pluronic F88 Prill, where T'* means 
Flakes, "g* means 8X300-= 2400 - MW of the poly(propylcne oxide) section of the block 

25 copolymer, "8" means 80 wt% ethylene oxide in the copolymer is 80%, and the nominal 
molecular weight is 11,400, 3.0 g) was dissolved in 3.0 g acryHc add (Aldrich). The 
solution was prepared as described above for Example 1. 

Viscosity measurements. A responsive polymer network composition was 
prepared and studied as described in Example 1. responsive polymer network 

30 compositions of 1 wt% Pluronic* F88 and polyacrylic add (1:1) viscosincd at 

temperatures of around 48 *'C and higher a: pH 7, as is illustrated in the viscosity vs. 
temperature graph of Fig. 8. Repeated heating and cooling of responsive polymer 
network suspaiS not observed to cause deterioration of the gelation effect. This 

measurement correlates well with the observed characteristic temperature of 47 of the 
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codothefimc p«ks thai are seen in the DSC eadothcnn. Tnc peaks are measured to 
have enthalpy value of 0.9 cal/ g. 

F.^camiik 4 This Example is directed toward demomtraiing that covaleat crossr' 
linking pf polyacryUc add component of responsive polymer network may be used 
5 without detrimental effea to the responave polymer network gelarion. 

Pluronic* F127 NF (3.0 g) and 73 mg off |^S5^dp^^)^F , 
(crossliii]d4E «S«t. Al«l'i'=^- tech., 70%) were dissolved in 3.0 g acrylic acid (Aldricb). 
•n»e "crosslinking agent was sufficient to Ughtly crosslink the polyaciyUc add. The 
soiutioa was deaeraied by N, bubbling for 20 min and foUowing addition of 50 m1 of 
10 freshly prepared 300 mg/ml solution of ammonium persulfare (Kodak) in deionized 

water was kept at 70 for 2 h resulting in a strong whitish polymer. A sample of the 
polymer obtained (2.0 g) was suspended in 100 ml dcionized water into which 0.32 g 
NaOH was added. Suspended xespons^" p^J^i^^k pamcl^ were allowed so 
swell for 3 days under constant stirring. The resulting fine suspension exhibited very 
15 hi^ viscosity at T> 30 'C and low viscosity at T < 30 "C 

Kvamole 5 This example describes the synthesis of a responsive polymer 
network and an aqueous responsive polymer network composition prepared using 
Pluronic* P104 and poly(acryUc acid). This example also characterizes the gelation and 
the physical properties of the resultant responsive polymer network composition. 
20 Block copolymer of propylene oxide (PO) and ethylene oxide (EO) having 

sandwich structure (EO)^(PO).CEO)^ (Pluronic P104. where "P" means Paste. "10" 
rr-^^' 10X300- 3000 - MW of the poly (propylene oxide) section of the block 
copolymer, -4* means 40 wt% ethylene oxide in the copolymer and the nominal 
molecular weight is 5.900. 5.0 g) was dissolved in 3.0 g acrylic acid (Aldrich). The 
25 solution was prepared as described above for Example 1. A responsive polymer 

network composition was prepared and studied as described in Example i. responsive 
polymer network compositions of 2 wt% Pluronic* P104 and polyacrylic acid (1:1) 
viscosified at temperatures of around 28 "C and higher at pH 7. as is illustrated in the 
. viscosity vs. temperature graph of Fig. 9. Repeated heating and cooling of fe^iosiiive, 
30 polymei^network suspensions was not observed to cause deterioration of the gelation 
effea. 

Kxamt>le 6 This example describes the synthesis of a responsive polymer 
network and an aqueous responsive polymer network composition prepared using 
Pluibiiic?..P.l23 and poly(acryUc acid). This example also characterizes the gelation and 
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the physi«l prop=ru« of mc resulumt responsive polymer ncrwork composition. 

Block copolymer of propylene oxide (PO) and ethylene oxide (EO) bavmg 
^dwich structure (EO),(PO),(EO), (Piuronic* P123, where T) means Paste. -i2" 
deans 12X300- 3600 - MW of the poly(propylene oxide) section of the block 

5 copolymer. -3' means 30 wr% ethylene oxide in the copolymer and the nominal 
molecular weight is 5750. 3.0 g) was dissolved in 3.0 g acrylic add (Aidrxch). The 
solution was prepared as described above for Example 1. A responsive polymer 
network composition was prepared and studied as described m Example 1. responsive 
polymer network compositions of 2 wt% Pluronic* PW and polyacrykc aad (1:1) 

10 viscosified at temperaxures of around 25 -C and higher at pH 7. as is illustrated m the 
viscosity vs. temperature graph of Fig. 10. Repe«ed h«ting and cooling of responnve - 
polymer network suspensions was not observed to cause deterioration of the gelanon 
effect. 

^^amole 7 The foUowing example demonstrates the effect of 
15 bydrophilic/hydrophobk ratio on the Belling temperature. Responsive polymer 

network compositions were prepared from the following triblock copolymers shown m 
Table 3. 

Table 3. Composition of triblock polymers investigated. 



20 



25 



30 





■ wt% ot ho biocK j 


poioxamer composmon 


MW or r*^ DiutJi. 
325c 


.J 




5250 


40 J 

1 


(KO),.(l>0)5»(hOj„ 


3250 









Table 3 shows that in this series, the fraction of EO is reduced when the 
n^olecular weight of the PO block is kept constant. In a paper by Linse {Macromal 
26-^37^9 (1993)). phase diagrams for these copolymers in water were calculated and 
it was shown that two-phase boundaries corresponding to the beginning of aggreganon 
are ahnost unaffened by the molecular ma^. given a constant EO/PO ratio, whereas 
these boundaries shifted to lower temperature as the EO content of the polymer u 
reduced at constant mass. The strong dependence of the EO/PO ratio is a consequence 
of the differing solubUities of EO and PO in water at the elevated temperatures. Thus 
one would suppose that aggregation that causes v.scosincation in the responsive polymer 
network composition should shift to lower temperature as EO fracaon decreases. 
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The poloxamer (3.0 g) was dissolved in 3.0 % acrylic acid. The solution was 
deaeraced by Nj bubbling for 20 nun. and foUowing addiuon of the 100 fil of freshly 
prepared saturated solution of ammonium persulfate in deionized water was kept at 
70* C for 16 h resulting in a strong whitish polymer. A sample of the polymer obtained 
5 (0.4 g) was suspended in 40 'mi dcionized water into which NaOH was added. 
Suspended responsive polymer network panicles were allowed to dissolve under 
constant stirring. The resulting 1 wt% responsive polymer network solutions were 
subjected to the viscosity measurement at shear rate of 132 or 13^ sec*^ using a SC4-18 
spindle- It can be seen from Fig. 11 that, firstly, viscosity of the 1 wt% responsive 
10 polymer network solutions before viscosification (ai 20-24 *C) increases in the series 
(EO),7(PO)s,(EO)3, > (EO)25(PO)5,(EO)25 > (EO)„(PO)5,(EO)», and. secondly, the 
temperature at which gelation shifts from about 45 "C for (E0)yj(?0)i^(E0)y7 to about 
35 'C for (EO)j5(PO)54(EO)i5 and (EO)i4{PO)5^(EO)i^. Both results are in excellent 
agreement with the theory set forth in Linse. 
15 Example 8 This example demonstrates the ability to shift the temperature ar 

which a polymer network gel viscosifles by?additioh of a salt^into the aqueous solution. 

The polymer network was prepared as described in Example 1. The dry 
polymer was placed into either dcionized water or a 0.5 M NaCl solution, in 
proportions to provide a 2.5 wt% solution. Viscosity profiles for the two aqueous 
20 solutions were determined and arc reported in Fig. 12. The viscosity of a 2.5 wt% 
solution in dcionized water has a higher initial viscosity than that in a 0-5M NaCl 
solution at 20* C. Further, the temperature at which gelation occurs shifts from about 
35*C in water to about 30*C in the NaCl solution. Thus, a change in the ionic 
strength of the aqueous gel composition alters its gelling properties. 
25 Example 9 This example describes the synthesis of a responsive polymer 

network and an aqueous responsive polymer network composiiion prepared using 
Pluronic® F127 and poly(acrylic acicQ with a 75% reduction in ammonium persulfate 
initiator, relative to Example 1. 

Pluronic F127 NF grade from BASF (3,0g) was dissolved in 5 grams of Acrylic 
30 Acid (Aldrich). The solution took approximately 30 minutes to solubilizc. The 

solution was dearated for 15 minutes and 25uL of a 0.1gram/2niL ammonium persulfate 
(Kodak) in deionized water solution was added. The solution was heated in a bead bath 
at 70® C for 20 minutes. A white polymer is formed and is then removed from the 
tube, cut into small pieces, and placed in a dish to dry overnight. A 3% by weight 
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solution of dry polymer to deionized ^mt is prepared to allow the polymer to 
solubilize. To neutralize the solution approadmately 0.3g of NaOH (Fisher) is added to 
the solution prior to solubilizing of the polymer. The polymer piece solubilize at 
neutral pH over a period of 48 - 72 hours. The viscosity of the solution increased at 
5 37 *C when tested using a Brookfield viscometer. 

Example 10 This example describes the synthesis of a responsive polymer 
network and an aqueous responsive polymer network composition prepared using 
^Pluronic* F127 and poly(acrylic aci^ with a 50% reduction in ammonium pcrsulfate 
initiaior, as compared to e^cample 1. 
10 Pluronic F127 NF grade from BASF (3.0g) was dissolved in 5 grams of AcryUc 

Acid (Aldrich). The solution took approximately 30 minutes to solubilize. TTje 
solution was dearaied for 15 minutes and SOuL of a 0.1gram/2mL ammonium' persulfate 
(Kodak) in deionized water solution was added. The solution was heated in a bead bath 
at 70»C for 20 minutes. A white polymer is formed and is then removed from the 
15 tube, cut into small pieces, and placed in a dish to dry overnight. A 3% by weight 
solution of dry polymer to deionized water is prepared to allow the polymer t6 
^ibiubnize; To neutralize the solution approximately 0.3g of NaOH (Fisher) is added to 
"the'solulion prior to solubilizing of the polymer. The polymer pieces solubilize at 
neutral pH over a period of 48 - 72 hours. The viscosity of the solution increased at 
20 37''C when tested using a Brookfield viscometer. 

Example 11 This example describes the synthesis of a responsive polymer 
network and an aqueous responsive polymer network composition prepared using 
■Pi}^mt»j\37 ioA poly(acrylic add) with twice the amount of ammonium persulfate 
initiator, as compared to Example 1. 
25 Pluronic F127 NF grade from BASF (3.0g) was dissolved in 5 grams of Acrylic 

Add (Aldrich). The solution took approximately 30 minutes to solubilize. The 
solution was dearated for 15 minutes and lOOuL of a O.lgram/lmL ammonium 
persulfate (Kodak) in dwonized water solution was added. The solution was heated in a 
bead bath at 70»C for 20 minutes. A white polymer is formed and is then removed 
30 from the tube, cut.into small pieces, and placed in a dish to dry overnight. A 3% by 

weight solution of dry polymer to deionized water is prepared to allow the polymer to 
soliibilize.- To neutralize the solution approximately 0.3g of NaOH (Fisher) is added to 
the solution prior to solubilizing of the polymer. The polymer pieces solubiUze at 
neutral pH over a penod of 48 - 72 hours. The viscosity of the solution increased at 
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37*'C when tested using a Brookfield viscometer. 

Example 12 This example describes the synthesis of a responsive polymer 
ncrwork and an aqueous responsive polymer network composition prepared using 
Pluromc*.F127 .and poly^^ acicQ ►With AIBN as initiator. 

5 Piuronic F127 NF grade from BASF (3.0g) was dissolved in 5 grams of Acrylic 

Add (Aldrich). The solution took approximately 30 minutes to solubilire. The 
solution was dcaiatcd for 15 minutes and 50uL of a O.lgram/lmL alpha,alpha' - 
actoisobutyronitrile (Aldrich) in acetone was added. The solution was heated in a bead 
bath at 70° C for 20 minutes. A white polymer is formed and is then removed from the 

10 tube, cut into small pieces, and placed in a dish to dry overnight. A 3% by weight 
solution of dry polymer to dcionized water is prepared to allow the polymer to 
solubilize. To neutralize the solution approximately a.3g of NaOH (Fisher) is added to 
the solution prior to solubllizing of the polymer. The polymer pieces solubilize at ^ 
ii^utri-pH wer a period of 48 - 72 hours. The viscosity of the solution increased at 

15 40**C when tested using a Brookfield viscometer. 

Example 13 This example describes the synthesis of a responsive polymer 
network and an aqueous responsive polymer nerwork composition prepared using 
;Pluronxc*~ FlZ^^^^^ poly(acrylic acid) with Vazo 52 as initiator. 

Piuronic F127 NF grade from BASF (3.0g) was dissolved in 5 grams of Acrylic 

20 Acid (Aldrich). The solution took approximately 30 minutes to solubilize. The 

solution was dearatcd for 15 minutes and 200uL of a O.lgram/lmL Vazo 52 (Dupont) in 
acetone solution was added. The solution was heated in a bead bath at 70*" C for 20 
minutes. A white polymer is formed and is then removed from the tube, cut into small 
pieces, and placed in a dish to dry overnight. A 3% by weight solution of dry polymer 

25 to dcionized water is prepared to allow the polymer to solubilize. To neutralize the 
solution approximately 0.3g of NaOH (Fisher) is added to the solution prior to 
solubllizing of the polymer. Tlicjpplymer pieces's^^ over a period 

of 48 - 72 hours. The vis<Josity of the solution increased at 37° C when tested using a 
Brookfield viscometer. 

30 Example 14 This example describes the synthesis of a responsive polymer 

network and an aqueous responsive polymer nerwork composition prepared using 
Plurdmc5;FL2Z:and poly(acrylic acid) with 25% water added. 

Piuronic F127 NF grade from BASF (2.25g) was dissolved in 3.75 grams of 
Acrylic Acid (Aldrich) and 2g of dcionized water. The solution took approximately 30 
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minutes to solubilize. The solution was dearated for 15 minutes and 50uL of a 
O.lgrazn/lmL ammonium persuifatc (Kodak) in deionizcd w«er solution was added. 
The solution was heated in a bead bath at TO'C for 20 minutes. A white polymer is 
formed and is then removed from the tube, cut into small pieces, and placed in a dish to 

5 dry overnight. A 3% by weight solution of dry polymer to deionizcd water is prepared 
to allow the polymer to solubilize. To neutralize the solution approximately 0.3 g of 
NaOH (Fisher) is added to the solution prior to solubilizing of the polymer. 'The ^ 
polyxiicr piecttisolubilize at neutral pH over a period of 48 - 72 hours. The viscosity of 
the solution increased at 35*C when tested using a Brookfield viscometer. 

10 Example 15 This example describes the synthesis of a responsive polymer 

network and an aqueous responsive polymer network composition prepared using 
Pluronic* F127 and poly(acrylic add) with 35% water added. 

PluromcF127 NF grade from BASF (1.95g) was dissolved in 3.25grams of 
Acrylic Acid (Aldrich) and 2.8g of deionizcd water. The solution took approximately 

15 30 minutes to solubilize. The solution was dearated for 15 minutes and 50uL of a 

O.lgram/lmL ammonium persuifatc (Kodak) in deionizcd water solution was added. 
The solution was heated in a bead bath at 7G°C for 20 minutes. A white polymer is 
formed and is then removed from the tube, cut into small pieces, and placed in a dish to 
dry overnight. A 3% by weight solution of dry polymer to dcionized water is prepared 

20 to allow the polymer to solubilize. To neutralize the solution approximately 03g of 
NaOH (Fisher) is added to the solution prior to solubilizing of the polymer. The 
polymer pieces solubilize at neutral pH over a period of 48 - 72 hours. The viscosity of 
the solution increased at 37** C when tested tising a Brookfield viscometer. 

Example 16 This example describes the synthesis of a responsive polymer 

25 network and an aqueous responsive polymer network composition prepared usmg 

Pluronic* F127^and poly (acrylic add) with 25% water added and a 50% reduction in 
ammonium persuifatc initiator, as compared to Example 1. 

Pluronic F127 Nr grade from BASF (2.25g) was dissolved in 3.75 grams of 
Acrylic Add (Aldrich) and 2g of ddonized water. The solution took approximately 30 

30 minutes to solubilize. The solution was dearated for 15 minutes and 50uL of a 

O.lgram/lmL ammonium persuifatc (Kodak) in ddonized water solution was added. 
The solution was heated in a bead bath at 70*'C for 20 minutes. A white polymer is 
formed and is then removed from the tube, cut into smaU pieces, and placed in a dish to 
dry overnight. A 3% by wdght solution of dry polymer to ddonized water is prepared 
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ro allow the polymer to solubilizc.^ To neutralize the solution approximately 0.3g of 
NaOH (Fisher) is added to the solution prior to solubilizing of the polymer. The 
polymer pieces solubilize at neutral pH over a period of 48 - 72 hours. The viscosity of 
the solution increased at 37^C when tested using a Brooklicld viscometer. 
5 Example 17 This example describes the synthesis of a responsive polymer 

network and an aqueous responsive polymer network composition prepared using 
Plui-ohid^=F127/Pluronic* FlM/blchd (iti) and poly (acrylic acid). 

Pluronic F127 NF grade from BASF (1.50g3 and Pluronic F108 from BASF 
(1.50g) was dissolved in 5 grams of Acrylic Add (Aldrich). Tut solution took 

10 approximately 30 minutes to solubilize. The solution was dearatcd for 15 minutes and 
50uL of a O.lgram/lmL ammonium pcrsulfate (Kodak) in dcionized water solution was 
added. The solution was heated in a bead bath at 70*'C for 20 minutes. A white 
polymer is formed and is then removed from the tube, cut into small pieces, and placed 
in a to dry overnight. A 3% by weight solution of dry polymer to dcionized water 

15 is prepared to allow the polymer to solubilize. To neutralize the solution approximately 
0.3g of NaOH (Fisher) is added to the solution prior to solubilizing of the polymer. 
The -polymer pieces solubilize at neutral pH over a period of 4^'- 72 hours. The 
viscosity of the solution increased at 42®C when tested using a Brookfield viscometer. 
Example 18 This example describes the synthesis of a responsive polymer 

20 network and an aqueous responsive polymer network composition prepared using 
f luronic* F88 and poly (acrylic aicid). This example illustrates the effect of the 
responsive component on the gelation temperature of the composition. 

Pluronic F88 from BASF {3.0g) was dissolved in 5 grams of Acrylic Acid 
(Aldrich). The solution cook approximately 30 minutes to solubilize. The solution was 

25 dearated for 15 minutes and 50uL of a O.lgram/lmL ammonium pcrsulfate (Kodak) in 

dcionized water solution was added. The solution was heated in a bead bath at 70^ C for 
20 minutes. A white polymer is formed and is then removed from rhc tube, cut into 
small pieces, and placed m a dish to dry overnight. A 3% by weight solution of dry 
polymer to deionized water is prepared to allow the polymer to solubilize. To 

30 neutralize the solution approximately 0.3g of NaOH (Fisher) is added to the solution 

prior to solubilizing of the polymer. The polymer pieces solubilize at neutral pH over a 
period of 48 - 72 hours. The viscosity of the solution increased at 80**C when tested 
using a Brookfield viscometer 

Example 19 This example describes the synthesis of a responsive polymer 
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ncTwork and an aqueous responsive polymer network composition prepared using 
Pluronic* F127/Pluronic* F88 blend (1:1) and poly(acrylic add). This example 
illustrates the effect of the responsive component on the gelation temperature of the 
composition. 

5 Pliironic F127 NF grade from BASF {150g) and Pluronic F88 from BASF (1.50g) 

was dissolved in 5 grams of Acrylic Acid (Aldrich). The solution took approximately 
30 minutes to solubilize. The solution was dcaratcd for 15 minutes and 50uL of a 
0.1 gram/ ImL ammonium persulfatc (Kodak) in dcionized water solution was added. 
The solution was heated in a bead bath at 70" C for 20 minutes. A white polymer is 

10 formed and is then removed from the tube, cat into small pieces, and placed in a dish to 
dry overnight. A 3% by weight solution of dry polymer to deionizcd water is prepared 
to allow the polymer to solubilize. To neutralirc the solution approximately 0.3g of 
NaOH (Fisher) is added to the solution prior to solubilizing of the polymer. The 
polymer pieces solubilize at neutral pH over a period of 48 - 72 hours. The viscosity of 

15 the solution increased at 85°C when tested using a Brookficld viscometer. 

FvaTTi ple 20 This example describes the synthesis of a responsive polymer 
network and an aqueous responsive polymer network composition prcp^cd using 
r^iui^mc® F127 'a^ poly(acrylic add) using srispehsion^o^merizaiion. / 

Pluronic F127 NF grade from BASF (15 .Og) was dissolved in 25 grams of acrylic 

20 add (Aldrich). The solution was dearated for 40 minutes while it solubilized and 250uL 
of a 0.5gram/lmL ammonium persulfate (Kodak) in deionizcd water solution was 
added. The continuous phase solvent, heptane, was added to a SOOmL baffled reaction 
vessel equipped with an RlOO impeller blade. A surfactant Ganex V216 0.5 wt% was 
added to the continuous phase. The continuous phase was heated to SO^C while being 

25 dearated for 75 minutes. The polymer solution is then added to the reaction vessel 

while stirring and allowed to react 2 hours. Then, 250 fil of APS solution is added and 
stirring is continued for an additional 14 h. The heptane is decanted from the white 
polymer beads and the polymer is washed twice with an excess of hcxane to remove 
residual heptane on the surface of the beads. A 3% by weight solution of dry polymer 

30 to deionizcd water is prepared to allow the polymer to solubilize. To neutralize the 
solution approximately 03g of NaOH (Fisher) is added to the solution prior to 
solubilizing of the polymer. The polymer pieces solubilize at neutral pH over a period 
of 48 - 72 hours. The viscosity of the solution increased at 37* C when tested using a 
Brookfidd viscometer. 
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Example 21 This example describes the synthesis of a respoasive polymer 
network gel composition prepared using Pluronic* F127 and a copolymer of mcthacrylic 
and acrylic acid. 

Mcthacrylic acid (Aidrich, 0.2 g) and acrylic add (Aldrich, 1.8 g) were mixed and 
5 used to dissolve 2.0 g Pluronic* F127. The solution was dcarated for 0.5 h and, 

following addition of 100 ;d freshly prepared saturated solution of ammonium persulfate 
in deionized water, was kept at 70*C for 16 h resulting in a transparent polymer. A 
sample of the polymer was suspended in deionizcd water with added NaOH. Following • 
swelling for'thrcc day, pH was adjxisted to 9.0. A 2 wt% composition viscosified ai 
10 temperatures of 40* C and higher. Viscosity vs. temperature profile is shown in Fig. 13. 

Example 22 This example describes the synthesis of a responsive polymer 
network and an aqueous responsive polymer network composition prepared using 
Piuoronic* F127 and poly (acrylic acid) using suspcnajon pplymerm 

261.4 g of a 50 wt% sodiimi hydroxide (Fisher) solution in deionized water was 
15 added to 4.2 kg acrylic add (Aldrich ) kd. The solution was mixed to allow the 

resultant predpatc to solubilize. 33 kg Piuronic F127 NF grade (BASF) was added to 
the acrylic add solution wiht agitation. The solution was deasratcd for three (3) hours 
while it solubilized. 39.0 L of the continuous phase solvent (Norpar 12) was added to a 
30 gallon stainless steel reaction vessel equipped with baffles and a heating/cooling 
20 jacket. Two (2) A-200 impeller blades were moimted on the agitator shaft to provide 
mixing. Ganex V-126 surfactantswas added to the continuous phase at OJ wt% (based 
on total batch size). The continuous phase was deaerated for three (3) hours with 
agitation. 26.7g benzoyl peroxide 75% (Akzo) was dissolved in 0.5 kg acrylic add. This 
initiator system was then added ot the Pluoronic/ acrylic add monomer solution and 
25 allowed to mix for 30 minutes. The monomer solution was transferred to the reaction 
vessel via a diaphragm pump. The reaction vessel agitator was set at 600 RPM, and the 
entire contents of the vessel were deaerated for an additional one (1) hour. The reaction 
vessel temperature was rdmped to reaction temperature using a tempered heating water 
unit. The reaction was allowed to continue for 14 hours under a continuous nitrogen 
30 sparge. At the completion of the reaction, the reactor contents were discharged into 
clean containers. The bulk of the Norpar phase is decanted from the polymer beads. 
The remaining slurry is vacuum filtered to remove residual Norpar. The fUtcred 
polymer beads are then dried imder vacuum for three (3) hours at 50 degrees centigrade. 
Example 23 This example describes the formation of gel beads of the invention. 



48 



Printed 



from Mimosa 



wo 97/00275 



PCT/US96/10376 



Pluoronic F88 from BASF (35^) was dissolved in 42.1 grains of Acrylic Acid (Aldrich) 
with 1.32 NaOH in 2.5 mL deioniMd water. The solution took approximately 30 
minutes to solubIIiz£. The solution was deaerated for 20 minutes and a 0.53 gram/5 
gram benzoyl peroxide in acrylic add solution was added. The continuous phase, 
5 Norpar (Ejocon), was added to a 500 ml baffled reaction vessel equipped with a RlOO 
impellar blade. Ganez V216 (0.2 wt%) was added to the continuous phase. The 
continuous phase was then dcaeratcd for 35 minutes. The polymer solutionis then 
^ddcd to the reaction vessel with stirring. The vessel is heated to 70* C and allowed to 
react for 12 hours. The bulk of the Norpar is decanted from the white polymer beads 
10 and the polymer is vacuum filtered and washed once with heptane. Then the beads are 
vacuum oven dried for 3 hours at 50* C. A 1 wr% solution is prepared with 
approximately 300 mL of a 5N NaOH (Fisher) solution added to neutralize. This 
solution shows revene thermal viscosification. 

Example 24 Pluoronic F127 NF grade from BASF (140.8 g) was dissolved in 
15 169.96 grams of aoylic acid (Aldrich) with 10.5 grams of a 50 wt% NaOH solution. 
The solution was dcacrated for 45 minutes while it solubilized and of a 1.1 gram/ 25 ,2 
gram benzoyl peroxide in acryhc add solution was added. The continuous phase 
solvent, Norpar (Exxon), was added to a 2000 mJ water jacketed baffled reaction vessel 
equipped with three A200 impellar blades. Gancz V216 {Q3 wt%) was added to the 
20 continuous phase. The continuous phase was deaerated for 60 minutes. The polymer 

solution is then added to the reaction vessel with stirring at a speed 650 rpm. The vessel 
is heated to 70' C and the reaction continues for 12 hours. The bulk of the Norpar is 
decanted from the white polymer beads and the polymer is vacuum filtered and rinsed 
once with heptane. Then the beads are vacuiun oven dried for 3 hours at 50* C. A 1 
25 wt% solution is prepared with approximately 300 mL of a 5N NaOH (Fisher) solution 
added to neutralize. This solution shows reverse thermal viscosification. 

Example 25 This example describes the synthesis of a responsive polymer 
network gel composition prepared using Pluromc®f-F88 and poly(acrylic add), j^this 
example demonstrates gelation of the responsive polymer network under conditions 
30 typically found ihfbil drillings.' 

A 3 wt% responsive polymer network gel was prepared from Pluronic F88 and 
polyacrylic add (1:1) according to the method described in Example 1. The viscosity 
profile of the solution was determined at elevated pressures. Fig. 14 illustrates the 
solution performance at 5000 psi. The responsive polymer network experiences an 
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mcrcase in vucosity at above 100*? and remaim viscous under oU drming conditions, 
namely lemperatures in the range of 150-200*F. 

Example 26 Tne aim of liiis Example is three-fold: ( i ) to demonstrate 
responsive polymer network composiiions using a responsive componem other than / 

5 triblock polypxyalkylene copolymers, to preserve useful properties of responsive 
polymer network, namely, ease of synthesis, viscosifying at body temperature, 
bioadhesiveness, and entirely benign components, and Qii) to incorporate drug into the 
responsive polymer network composition. For these purposes, nonylphenyl ether of 
polycihylcneglycol (Nonoxynol 9, drug name is Igepal CO-630) was chosen. This 

10 remarkable compound is surface active, possesses cloud point at around 55 'C and is 
used as a spermicide and anti-HIV agent in vaginal applications. Synthesis and 
properties of the resulted responsive polymer network are described below. 

Synthesis. Igepal*CO-630 (Rhone-Poulenc) (3.0 g) was dissolved in 3.0 g acryUc 
add (Aldrich). The solution was deaerated by Nj bubbling for 30 min and foUowing 

15 addition of 100 fil of freshly prepared 300 mg/ml solution of ammonium persulfate 

(Kodak) in deionized water was kept at 70 'C for 16 h resulting in a transparent soUd 
polymer. A sample of the polymer obtained (2.0 g) ^-as suspended in 100 ml deionized 
water into which 0.18 g NaOH was added. Suspended responsive polymer network 
panicles were allowed so swell for 1 day under constant stirring. The pH of the 

20 solution was adjusted to 7.0. 

V«rogrv mea^mremeni. Viscosity vs temperature effect for responsive polymer 
network made of Nonoxanol 9 and pplyacrylic acid (1:1) in deionized water (pH 7) is 
presented in Fig. 15. The viscosity is measured at shear rate of 2.64 sec ' using a SC4-18 
spindle which allows a very sensitive measurement. It can be se«m that the responsive 
25 polymer ner».'ork starts to viscosify at about 30 »C and the viscosity approaches 

maximum at 55 'C at which point aggregates are formed (cloudiness is devdoped) and 
the viscosity drops precipitously. 

Example 27 The -following example is related to responsive polymer nerwork 
performance in drug release. Dwg loading and kinetics of rd^ of the protein ^ 
30 hemoglobin from a responsive polymer net^'ork composition are presented 

Synthesis. Pluronic F127 • (3.0 g) was dissolved in 3.0 g acrylic add. The 
solution was deaerated by N, bubbhng for 03 h and following addition of 100 ^ of 
freshly prepared saturated solution of ammonium persulfate (Kodak) in ddonized water 
was kept at 70 -C for 16 h resulting in a transparent polymer. The resultant responsive 
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polymer network obcained (5 g) wspeaxied ia 95 ml deionized water into which 
NaOH was added. The resulting suspension was allowed to swell for 7 days. 

W.^o.>lobin l^»r^;n.r and release. A 5 wt% responsive polymer network 
composiuon (3 g) was allowed to sweU for 16 h in 10 ml of 0.25 mg/ml solution of 
5 human hemoglobin (Sigma) in deionized water adjusted to pH 8. The resulting mixture 
was well shaken and placed into the feed chambers of customized vertical, static, Franz- 
like diffusion cells made of Teflon. The feed and receiver chambers of the diffusion 
^ cells were separated by mesh screens (# 2063). The receiver chamber was continuously 

sdrrcd by a magnetic bar. The cells were allowed to equilibrate to either 25 or 37 "C (in 
10 an oven). The feed and receiver phases consisted of 1 g of the hemoglobin-loaded 
responsive polymer network and 6 ml of phosphate-buffered saline (pH 7.4), 
respectively. In the control experiment, the feed phase was made of 1 g of C.2S.mg/ml 
hemoglobin solution. After the feed solution had been loaded into the cell, the kinetic 
time commenced. Samples of the receiver phase was withdra^Ti from time to time and 
15 their absorbance was measured spectrophotometrically at 400 nm. To calculate 

hemoglobin concentrations, corresponding calibration curves (absorbance in PBS versus 
hemoglobin concentration) were generated. The results of the kinetic experiment arc 
presented in Fig. 16. It can be seen that ^^^■^'■lSa^>l^hin Tdea^;{nm_^P2^_ 
polyme/ hetwork was substantiallyUlowered at 37;^*C wh<m compared,,to:.th^^ r 
20 bea^-^^viswarjjmCT^e^^ <i'^^<ra^PS^?^Sm.Ai. 
(see Fig. 1). The protein released from the responsive polymer network composition stDl 
retained it's native structure, as was deteimined by comparison of uv-vis spectra of 
release hemoglobin and natural hemoglobin. 

Example 28 Drug loading and kinetics of release of the protein lysozyme from 
25 a responsive polymer network composition is reported. The responsive polymer 
network composition was prepared as described in Example 19. 

T v,nr^^ loadi ng and release. A 5 wt% responsive polymer network 
composition (3 g) was allowed to swell for 16 h in 10 ml of 1 mg/ml solution of 
chicken egg-white lysozyme (Sigma) and 1.5 mg/ml sodium dodecyl sulfate (Aldrich) in 
30 deionized water adjusted to pH 8.5. Tne resulting mixture was weU shaken and placed 
bto the feed chambers of customized vertical, static, Franz-like diffusion cells made of 
Teflon. The feed and receiver chambers of the diffusion cells were separated by mesh 
screens (# 2063). The receiver chamber was continuously stirred by a magnetic bar. 
The cells were allowed to equilibrate to either 25 or 37 'C (in an oven). The feed and 
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receiver phases consisted of 1 g of Lhe lysozyme-loaded responsive polymer nerwork and 
6 ml of phosphare-buffercd saline (pH 7.4), respccuveiy. in the control experiment, the 
feed phase was made of 1 g of 1 mg/ml lysozymc solution. After the feed solution had 
been loaded into the cell, the kinetic time commenced. Samples were withdrawn and 
5 their absorbance measured spectrophotometrically at 280 nm. A caHbraiion curve was 
prepared for lysoryme concentration ranging from 0 mg/ml to 03 mg/ml in phosphate 
buffered saline. The results of the kinetic experiment arc presented in Fig. 17. It can be 
seen that the rate of lysozyme release from the responsive polymer network 
composidon was substantially lowered at 37 ^^C when compared to that ai 25 '^C, 
10 because of viscosity increase in responsive polymer network at elevated temperatures 
(sec Fig. 1). 

In order to demonstrate the retention of the enzymatic activity of lysozyme, 
the lysozyme released from the responsive polymer network composition was assayed 
using Micrococcus lysodeikticus cells and compared to that of original lysozyme. The 

15 enzymatic activity of lysozyme was the same, within the error of the assay (15%). as 

that of the original lysoryme. Control without lysozyme in presence of sodium dodecyl 
sulfate did noi show any appreciable lysis of the cells. 

Example 29 Drug loading and kintt^iofjrdcase of insulin from a responsive 
polymer network composition is reported. The responsive polymer network 

20 composition was prepared as described in Example 19. 

Jn^mlm loadinf and release . A 5 wt% responsive polymer network composition 
(3 g) was allowed to sweH for 16 h in 10 ml of 5 mg/ml solution of bovine Zn'*-insulin 
(Sigma) in deionizcd water adjusted to pH 7. The resulting mixmre was wcU shaken 
and placed into the feed chambers of customized vertical, static, Franz-like diffusion 

25 ceUs made of Teflon. The feed and receiver chambers of the diffusion ceUs were 

separated by mesh screens 2063). The receiver chamber was continuously stirred by a 
magnetic bar. The cells were allowed to equilibrate to either 25 or 37 (in an oven). 
The feed and receiver phases consisted of 1 g of the insulin-loaded responsive polymer 
network and 6 ml of phosphate-buEcred saline (pH 7.4), respectively. In the control 

30 experiment, the feed phase was made of 1 g of 5 mg/ml insulin solution. After the feed 
solution had been loaded into the ccU, the timing commenced. Samples were withdrawn 
and their absorbance was measured spectrophotometrically at 280 nm. A calibrauon 
curve was prepared for insulin concentration ranging from 0 mg/ml to 1.25 mg/ml m 
phosphate buffered saline. The results of the kinetic experiment are presented in Fig. 
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18. The rate of insulin release from responsive polymer nCTwprk,;va|^s5a^^ / 
lowered at 37 when compared to that at 25 because of viscosity increase m 
responsive polymer network at elevated temperatures (see Fig. 1). 

Example 30 ^JDHn^'ipading and kineucs^^release of insulin 'from a responsive 
5 polymer network composition is reported. The responsive polymer network 
composition was prepared as described in Example 19. 

Solutions for release studies were prepared as follows. A simulated tear solution 
including 3.35 g NaCl, 1.00 g NaHCOj, and 0.04g CaCl^. 2HjO was prepared by 
dissolving the salts in 500 mi total volume deionized water. Solution A was prepared by 

10 dissolving 0.34 g Timolol in a 3% w/w solution of responsive polymer network in 
simulated tear solution to a total weight of 10.0 g. Solution B was prepared by 
dissolving 0.34 g Timolol in simulated tear solution to a total weight of 10.0 g.. 
Solution C was prepared by dissolving 0.34 g Tmiolol in a 2% w/w solution of 
responsive polymer network lightly crosslinked with 25% crosslinker in simulated tear 

15 solution to a total weight of 10.0 g. 

Release study. A 250 aliquot of Solutions A, B, and C were placed in 
shallow plastic pans with a total capacity of about 300 vL, A piece of screen (30 mesh) 
was placed over the top of each pan and fixed in place. The same procedure was 
repeated again for Solutions A and B so that samples could be run at 34 'C and ambient 

20 temperature. 

A 25.0 ml sample of the tear solution was placed in each of five small beakers. 
Three of the beakers were left on the counter top, and two were placed in an incubator 
set at 34.0 *C to equilibrate for about 30 minutes. Samples of Solutions A and B 
intended for testing at 34 'C were placed in the same incubator so that they too would 
25 rise to the desired temperature. 

The samples of Solutions A, B, and C to be tested for timolol release at room 
temperature were dropped into the three beakers on the coxmter top so that the open 
mesh faced down. Tnc warmed responsive polymer network samples were also placed 
in their beakers in the same manner. A 150^1 sample was removed from each beaker 
30 every thirty minutes for the next 2 hours and replaced with the same volume of fresh 
tear solution. Samples were analyzed by UV at 295 nm and compared to a standard 
curve to determine Timolol concentration. The results of the Timolol release study are 
presented in Fig. 19. 

Example 31 This example demonstrates the preparation of a sterile polymer 
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network aqueous composition and the stability of the composition to sterilization. The 
polymer network is prepared as described in Example 1, except that the composition is 
prepared at 2 wt% Pluronic* Fl27/poly acrylic acid. After dissolution of the 2 wt% 
polymer network in water, the viscosity is measured Tne composition then is 
5 sterilized by autodaving at 12rC, 16 psi for 30 minutes. Viscosity is determined after 
sterilization. The correspondmg curves for viscosity (a) before and (b) after sterilization 
are shown in Fig. 20 and establish that minimal change in the viscosity profile of the 
material has occurred with sterilization. 

Example 32 This example is presented to describe the formation of . a neutral t 
10 T6^ynsi^:^oly^^ and to describe the formation of such a network from an 

acrylamide monomer. 

Three grams of acr^laiide (99 + %, Aldrich, mp 84-86 -Q was thoroughly mixed 
with three grams of Wjmmc;?!^^ aJid 50 mg benzoin ethyl ether (99%, Aldrich, 
mp 59-61 •Q. The resulting homogeneous powder was placed into a plastic vial ^zh a 
15 rubber septum and heated to up to 90'C at which point a homogeneous liquid was 

obtained (by melting of the component materials). The resultant liquid was purged with 
m'trogcn for 5 min- and then UV-illuminated with a Light-Welder 3010 EC UV 
spot/wand lamp (spectral output 300-500 nm, intensity 6000 mWcm^ Dymax Co, 
Torrington. CT) for 60 min at 90*C. A white powder was recovered and air dried 
20 overnight. 

A portion of the white polymer powder (l^g) was suspended in deionized 
water (23.75g) to form a 5 wt% polymer solution and was allowed to hydrate for 4 days 
at room temperature. The f^Mg'i^spe^ion ^as homogenized and then stood for 
another 6 days at room temperature. The resultant opaque solution was pH 6.7 and 
25 displayed a viscosification vs. temperature curve as shown in Fig. 21. No hydrolysis of 
the acrylamide moieties was observed as characterized by Fourier Transform IR 
spectroscopy. While a very pronounced peak is observed at 1670 cm*' (-CO-NH^ 
vibration) in both freshly made response polymer networks and in networks which 
were dried at 70' C, no peaks at 1720 cm-» (COOH dimers) are observed. This, along 
30 with the essential neutral pH of the polymer is a good indication that the responsive 
polymer network is not charged. 

Example ?3 This example is presented to illustrate the performance changes of 
a polyacrylamide-based responsive polymer network with time. 

Five grams of acrylamide was thoroughly mixed with five grams Pluronic F127 
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NF and 100 mg benzoin ethyl ether. The resulting homogeneous powder was placed 
into a plastic vial, scaled with a rubber septum, heated up to 100* C and simultaneously 
UV-illuminated by a spot/wand lamp for 60 minutes with a spectral output of 300-500 
and an intensity of 6000 mW/cm^ The resulting homogeneous white powder was air 
5 dried for 2 hours and ground; and a portion thereof (1.25 g) was dissolved in dcionizcd 
water (23.75 g) to prepare a 5 wt% polymer solution. After one day, the solution 
turned opaque at room temperature. Its viscosity vs. temperature performance was 
determined afier one day (Fig. 22(a)) and again after six days (Fig. 22(b)). Note that 
curve K30 denotes cooling and curve 102 denotes heating performance of the polymer 

10 network after one day. The curves differ significantly. 

Example 34 This example is presented to demonstrate an acrylami de-based 
responsive polymer gel prepared with differeing proportions of responsive and structural 
polymer components and to show performance under physiological conditions. 

Ten grams of acrylamide was thoroughly mixed with five gnuns Pluronic F127 

15 NF and 100 mg of benzoin ethyl ether. The resulting homogeneoxis powder was placed 
into a plastic vial, sealed with a rubber septum, heated up to 100 'C and UV-illuminatcd 
for 60 min with a spot/wand having a spectral output of 300-500 nm and an intensity of 
600 mW/cm^ The resulting homogeneous white powder was air dried for 2 hours and 
ground; and a portion (10 g) of the white powder was dissolved in a buffer solution 

20 (23.75 g) comprising 7M urea (Aldrich, 99+%), 100 mM 

tris(hydroxymethyl)aminomeihane (Fisher, A.S.C. alkalimetric standard) and 120 mM 
boric acid (CVS) to result in a 20 wt% suspension. The suspension was stored for 12 
days at room temperarurc. The viscosity vs. temperature curve is found in Fig. 23. 

Medicinal and Cosmetic Fonnularions. Because of the surfactant nature of the 

25 responsive component of the responsive polymer network composition coupled with the 
gelation effect of the responsive polymer network composition, it is possible to prepare 
a formulation which is 100% water-based, but which is lubricous and thick. 

Formulations including nonionic. anioni c and cationic surfactants, (a) a 
nonionic surfaaant formulation: An O/W (oil-in-water) emulsion was made by 

30 combining the following ingredients utilizing conventional mixmg techmques: 
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ingredienc 


*7o w/w 


10 % wt. 1:1 responsive poiymer 
network u prepared in Example 1 


i0.0 


Jimuisixymg Wax Nr* 


' 15 


MmeraJ Uii 


3.0 



* Poiowax avaiiabie rrom Croaa 



Into a vessel eqtiipped with a high efficiency hoznogenizer, the formula amount of all 
ingredients is added and allowed to mix to homogeneity. This formulation contains a nonionic 
10 surfactant and gives an emulsion thai is fluid at room :cmperatxire but viscosifies above 32 *C, 

(b) a cationic surfactant formulation: An O/W (oil -in- water) emulsion was made by 
combining the following ingredients utilizing conventional mixing techniques: 



15 



20 



ingredient 


% w/w 


10 % wi. 1:1 responsive poiyracr 
network as prepared in Example 1 


20.0 


iienentnmomum Methosultate 
(and) Cetearyl alcohol* 


15 


MmeraJ Oil 


5.6 



incroquat iienenyi XM6 available rrom Crooa 



Into a vessel equipped with a high efficiency homogcnizer, the formula amount of all 
ingredients is added and allowed to mix to homogeneity. This formulation contains a cationic 
surfactant and gives an emulsion that is fluid at room temperature but viscosifies above 22* C. 
25 (c) an anionic surfactant formulation: An O/W (oil-in-water) emulsion was made by 

combining the foUowing ingredients utilizing conventional mixing techniques: 



30 



35 



40 



ingrcdjcnt 


"/o w/w 


10 % wt. 1:1 rcsj>onsive polymer 


20.0 


network as prepared in Example 1 




Cctearyi Pnospnate (and) Cetearyl 


2.3 


alcohol' 




A'Unerai On 


3,0 



Crodatos avauaoie rrom Croaa 

Into a vessel equipped with a high efficiency' homogenizer, the formula amount of all 
ingredients is added and allowed to mix to homogeneity. This formulation contains a anionic 
surfactant and gives an emulsion that is fluid at room temperature but viscosifies above 32 *C. 

Vaeina) Moisturizer: An oil-free, lubricous, vaginal moisturizer is made by combining 
the following ingredients utilizing conventional mixing techniques: 
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Ingredient 


% w/w 


10 % vru ill responsive polymer 
network as prepared in Example 1 




f^iycerin Ubi' 


5.6 


i'PG-I Mynstyi jitner i^ropionate' 


3.6 


DL-Pantnenoi 


0.5 


(jermahen' jJ" 


fi.i 


jjisodiuxn tU lA 




Citnc Aac 


0.01 


Ubl' i^urincd Vvater 


71.15 1 



Germaben* II available from Suiton Laboratories 



To one vessel, equipped with a lightnin* Mixer with a 3 blade paddle prop, the full 
15 amount of USP Punfled Water is added. The water is then heated to 80 *C and held for 20 

minutes. The water is then cooled to 50*C , while maintaining the temperature, with moderate 
to vigorous mixing, the formula amount of Disodium EDTA, Citric Acid, Dl^Panthcnol. 
Glycerin, PPG-2 Myristyl Ether Propionate, and Gcrmaben* II is added. These materials arc 
allowed to dissolve at 50*C. After dissolution, the vessel is then cooled to 20**C. To another 
20 vessel, equipped with a high etEciency homogenizer, the formula amount of responsive polymer 
network is added. The responsive polymer network vessel is then cooled to 4'C. After cooling, 
while vigorously homogenizing, the contents of the first vessel is added to the second vessel, and 
allowed to mix to homogeneiry. 

The composition displays a flowable creimy lotion appearance with cxccUeni 
25 moisturizing, emoliiency, spreadability and absorption characteristics at room temperature, and 
after heating the formulation to 32 "C, the composition thickens to a gel-like consistency. 

Formulation for Ma nagemcm of Bacterial Vaginosis: An oil-free, lubricous, bacterial 
vaginosis treatment is made by combining the following ingredients utilizing conventional 
mixing techniques: 

30 



Ingredient 


% w/w 


10 % wu l:i responsive polymer 
nerwork prepared as in Example 1 


20.0 


G-lyccrm UHF 


5.0 


Metromaazoie 




DL-Panthenoi 


6.5 


Crermaoen^ ii' 


6.1 


Disodium ED L A | 


6.1 


Citric Acid 1 


0.01 


UM-* Puruied Water | 


73.44 



* Germaoen' ii available trom button Laboratories 



To one vessel, equipped with a Lightnin' Mixer with a 3 blade paddle prop, the full 
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amoont of USP Purified Water U added. The vater is then heated to SQ'C and held for 20 
minutes. The viter is then cooled to 50'C , vhile maintaining the temperature, with modems 
to vigorous mixing, the formula amount of Disodiuin EDTA, Citric Acid. DL-Pantheaoi, 
Glycerin. Metronidazole, and Germaben* H is added. These materials are aUowed to di»oive a: 
S sec. After dissolution, the vessel is then cooled to zee To another vessel, equipped vith a 
high efficiency homogeaiMr, the formula amount of responsive polymer network is added. The 
responsive polymer network vessel is then cooled to 4-C After cooling, while vigorously 
homogenizing, the contents of the fint vessel is added to the second vessel, and allowed to mix 
to homogeneity. 

10 • *The composition displays a flowable jelly appearance with excellent spreadabUity and 

absorpuon characteristics at room temperature, and after heating the formulation to 32»C, the 
composition thickens to a geMike consistency. 

TnrTT.„l«ion for M.noT.mem p f R.rr^n^l Candidiasis: An oil-tree, lubricous, bacteria] 
candidiasis treatment is made by combining the following ingredients utilizing conventional 

15 mbdng terhniques: 



20 



25 



IngTccUent 




lo % wt. 1:1 responsive polymer 
nerwork prepared as in Example 1 


20.0 


■ Glyccnn USi-^ 




Miconazole XNixtrate 


1,0 


DL-r*inincnoi 


O.- 


Crcrmabcn ii* 


Q.I 


Disomuxn 1 A 


■ 6.01 


Cimc Acio 




USl^ ir^unncd Water 





To one vessel, equipped with a Lightnin' Mixer vriih a 3 blade paddle prop, the full 
30 amount of USP Purified Water is added. The water is then heated to 80'C and held for 20 

minutes. The water is then cooled to SQ-'C , while mainiaining the temperature, with modcraic 
to vigorous mixing, the formula amount of Disodium EDTA, Ciinc Acid. DL-Panthcnol, 
Glycerin, Miconazole Niti^te, and Germaben* n is added. These materials are aUowed to 
dissolve at SO^'C. After dissolution, the vessel is then cooled to 20»C. To another vessel. 
35 equipped ^-iih a high efQcicncy homogcnizer. the formula amount of responsive polymer 

network is added The responsive polymer network vessel is then cooled to A^C. After cooling, 
while vigorously homogenizing, the contents of the first vessel is added to the second vessel, and 
allowed to mix to homogeneity. 

The composition displays a flowable jelly appearance -^-itb excellent spreadability and 
40 absorption characteristics at room temperature, and after heating the formulation to 32»C, the 
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composition thickens to a. gel-like cotisiszcncy. 

Acne Medication: An oil-free, clear, anti-acne treatment is made by combining the 
follo'wing ingredients ucSlizing conventionil mixing techniques: 



ingredienc 


% w/w 


10 % vn. 1:1 responsive poiymer 
network prepared as in Example 1 




C^Iycerm UbF 


5.6 


Salicylic Acid 


i.6 


DL-Panthenoi 




Gcrmaben' ii* 


0.1 


Disoaiuzn iiD 1 A 


OJ. 


l^urined \i/ater 


72-2 



' Crermabeo' JU available Irom button i^boratones 



15 

To one vessel, equipped with a Lightnin' Mixer with a 3 blade paddle prop, the full 
amoiint of USP Purified Water is added. The water is then heated to 80° C and held for 20 
minutes. The water is then cooled to 50^C , while maintaining the temperarure, with moderate 
to vigorous mixing, the fonnula amount of Disodixmi HDTA, Citric Acid, DL-Panthenol, 
20 Glycerin, Salicylic Acid, and Gcrxnaben* II is added. These materials are allowed to dissolve at 
50^*0. After dissolution, the vessel is then cooled to 20®C. To another vessel, equipped with a 
high efficiency homogenixcr, the formula amount of responsive polymer network is added. The 
responsive polymer network vessel is then cooled to 4°C. After cooling, while vigorously 
homogenizing, the contents of the first vessel is added to the second vessel, and allowed to mix 
25 to homogeneity. 

The composition displays a flowable clear jelly appearance with excellent spreadability 
and absorption characi eristics at room temperature, and after heating the formulation to 32**C, 
the comp>osition thickens to a gel-like consistency. 

Topical Hormone DeHverv Formulation: An oil-free, spreadabic, topical hormone 
30 treatment using estradiol as the hormone is made by combining the following ingredients 
utilizing conventional mixing techniques: 
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10 



Ingredient 


To W/W 


iO *Jte wt. 1:1 respoiuivc polymer 
nerwork prepared as in Example 1 


20.C 


Cyiycenn U^f 


3.0 


tstraOioi 


C.l 


DL-l^aniiienoi 


0.5 


Germaoen" ii' 


0.1 


Duoatum kU i A 




USP i-unijcd water 


M.1 



To one vessel, equipped ^th a Lightnin* Mixer with a 3 blade paddle prop, the full 
amount of USP Purified Water is added. The water is then heated to 80«C and held for 20 
minutes. The water is then cooled to 50»C , while maintaining the temperature, with moderate 

15 to vigorous mixing, the formula amount of Disodium EDTA, DL-Panthenol, Glycerin, Estradiol 
and Germabcn* 11 is added. These materials arc allowed to dissolve at 50*C. After dissolution, 
the vessel is then cooled to 20**C. To another vessel, equipped with a high efficiency 
homogenizer, the formula amoimt of responsive polymer network is added. The responsive 
polymer network vessel is then cooled to 4"C. After cooling, while vigorously homogenizing, 

20 the contents of the first vessel is added to the second vessel, and allowed to mix to homogeneit>'. 

The composition displays a flowable jelly appearance with excellent spreadability and 
absoipiion characteristics at room tempciarure, and after heating the formulation to 32® C, the 
composition thickens to a gel4ike consistency. 

Topical Anti-Inflamroatorv- Delivery Formulation with Penetrat ion Enhancer: An oii- 

25 free, sprcadable, topical anti-inflammatory treatment using indomethacin as the anti-inflammatory 
and Azone as the penetration enhancer is made by combining the following ingredients utilizing 
conventional mixing techniques: 



ingredient 


% w/w 


10 % wt. 1:1 responsive polymer 
nerwork as prepared in Example 1 




Glyccnn U^y , 


5.0 


inaometnacm 




iJL-ir'antnenoi 




Germaoen' W 


. 0.1 


Uisocium iiL) i A 


0.2 


Vby l-uniicd Water 


7j.7 



* Germaoen' H available irom ^unon Laooratories 



40 To one vessel, equipped with a Lightnin* Mixer with a 3 blade paddle prop, the full 

amount of USP Purified Water is added. Tnc water is then heated to SCC and held for 20 
minutes. The water is then cooled to 50**C , while maintaining the temperature, with moderate 
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to vigorous mixing, the formula aznount of Disodium EDTA, DL-Fanikenol, Glycerin, 
Indometkacin and Germaben* II is added. These materials are allowed to dissolve ar 50°C. After 
dissolution, the vessel is then cooled lo 20"C. To another vessel, equipped with a high efEiciency 
homogenizsr, the formula amount oi responsive polymer network b added. Tne responsive 
5 polymer network vessel is then cooled to 4*^0. After cooling, while vigorously homogenizing, 
the contents of the first vessel is added to the second vessel, and allowed to mix to homogeneitv'. 

The composition displays a flowable jelly appearance with excellent spreadability and 
absorption characteristics at room temperature, and after heating the formulation to 32 the 
composition thickens to a gel-like comisiency. 
10 Topical Anti-Inflammatorv Delivery Formulation: An oil-free, spreadable, topical anii- 

icflammaiory treatment using hydrocortisone as the anti-inflammatory is made by combining the 
following ingredients utilizing conventional mixing techniques: 



ingredient 


% w/w 


10 % wt. 1:1 responsive polymer 
network as prepared in Example 1 


20.0 


Ciiycerm USF 


5.0 


Hydrocorus o nc 




i-)j--i^anihcnoi 


Oi. 


Gcrmaoen' il* 


O.i 


DiscKUiim tJJ iA 


OA 


UM^ i^uritied NX^aier 


73.7 



^ Germaoen' 11 avaiiaDie trom Sutton ijaboratones 



25 To one vessel, equipped with a Lightnin' Mixer with a 3 blade paddle prop, the full 

amount of USP Purified Water is added. The water is then heated to 80**C and held for 20 
minutes. The water is then cooled to 50** C , while maintaining the temperature, with moderate 
to vigorous mixings the formula amoimt of Disodium £DTA« DL-Panthenol, Glycerin, 
Hydrocortisone and Germaben* II is added. These materials are allowed to dissolve at 50**C. 

30 After dissolution, the vessel is then cooled to 20'C. To another vessel, equipped with a high 
efficiency homogentzer, the formula amount of responsive polymer network is added. The 
responsive polymer network vessel is then cooled to 4**C- After cooling, while vigorotisly 
homogenizing, the contents of the first vessel is added to the second vessel, and allowed to mix 
to homogeneity. 

35 The composition displays a flowable jelly appearance with excellent spreadability and 

absorption characteristics a: room temperature, and after heating the formulation to 32'C, the 
composition thickens to a gd-likc consistency. 

Topical Analgesic Delivery Formulation with Penerration rnhancer: An oil-free, 
spreadable, topical analgesic treatment using Ibuprofen as the anti-inflammatory and Azone as 

40 the penetration enhancer is made by combining the following ingredients utilizing conventional 
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mixing techniques: 



IC 



ingreaient 


% w/w 


10 % wt. 1:1 responsive poiymer 
network as prepared in Example 1 


2C.0 


Glycenn UbP 


5.C 


ibijproten 


J.3 


DL-X^aninenol 


0.5 


GermaDcn' il* 


0.1 


Uisooium hJJiA 




Azone . 


5.0 


Ubi^ P'unticd >Xater 


U.7 



15 To one vessel, equipped vith a Ughtnin* Mixer with a 3 blade paddle prop, the full 

amount of USP Purified Water is added. The water is then heated to 8C"C and held for 20 
minutes. The water is then cooled to 50* C . while maintaining the lemperature, with moderate 
to vigorous mixing, the formula amount of Disodium EDTA, DL-Panthenol, Glycerin, Azone. 
Ibuprofen and Gcrmabcn* II is added. These materials are allowed to dissolve at 50'C. After 

20 dissolution, the vessel is then cooled to 2C**C. To another vessel, equipped with a high efficiency 
homogenizer, the formula amount of responsive polymer network is added. The responsive 
polymer network vessd is then cooled to 4*'C. After cooling, while vigorously homogenizing, 
the contenu of the first vessel is added to the second vessel, and allowed to mix to homogeneity. 
The composition displays a fiowable jelly appearance with excellent spreadabilit>' and 

25 absorption characteristics at room temperature, and after heating the formulation to 32"C, the 
comjxjsition thickens to a gel-like consistency. 

Topica] Hair Loss Treatment with Penetration Enhancer; ^ An oil-free, spreadabic, 
topical hair loss treatment using Mboxidil as the hair growth stimulant and Azone as the 
penetration enhancer is made by combining the following ingrcdienu utilizing conventional 

30 mixing techniques: 



35 



40 



ingredient 


% w/w 


10 % wt. 1:*1 responsive polymer 
network as prepared in Example 1 


20.0 


Giycenn Ubi-* 


^.0 


Minoxidii 


1.0 


DL-i*antnenGi 




Germabcn li* 


0.1 


Disodium iiD lA 


0.2 


Azone 


D.L 


USP Purinea Water 


68^ 
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10 



15 



To one vessel, equipped witk a Lighudn' Mbcex wuh a 3 bUde paddle prop, the fuJl 
^ount of USP Purified m^er is added. The water is then heated to SO'C and held tor 20 
ndx^utes. The .-ater is then cooled to 50'C . -hUe maintaining the temperature, w^th moderate 
to vigorous mixing, the formula amount of Disodium EDTA. DL-Pa„thenol. Glycerin, Azone. 
Minoxidil and Gemuben* n is added. These materials are allowed to dissolve at SO'C. Aner 
dissolution, the vessel is then cooled to 20-C. To another vessel, equipped ^th a high eft.aency 
homogenizer. the formula axnount of responsive polymer network is added. The respons.ve 
polymer network vessel is then cooled to 4=C. After cooiing. while vigorously homogenmng. 
,he contents of the fim vessel is added to the second vessel, and allowed to mix to homogene.t>.. 

The composition displays a flowable jdly appearance with excellent spreadabJ.ry and 
absorption chaxacuristics at room temperature, and after heating the formulation to 32-C. the 
composition thickens to a gel-like consistency. 

T^ p:.,! Tn.»1 f,^^u ..:.T.,V,^.^Vnrm^.non: An oi-free, spreadable. topical local 
ane^hetic treatment using lidocaine as the anti-inflammatory is made by combining the 
following ingredients utilizing conventional mixii^ techniques: 



20 



25 



30 



35 



Ingrcdiciit 



1:1 responsive polymer 
network (F127/AA) 



Cyj ycenn JSF 
Jjdocaine riyorochlonae 



"DE^PantKenor 
Gcrmabcn' 11' 



DLSoaiu m X A _ 
USP i^uritied Water" 



% w/w 



■733" 



40 



^ GennaDcn iiavaiiabie tr om button x^Doratones 
To one vessel, equipped with a Ii|h.ain- Mixer with a 3 blade paddle prop, the full 
amount of USP PuHHed Water is added. The wa.er b then heated to SO^C aad held for 20 
^nutes. The water then cooled to 50^C , while maintaining the temperature, w.th moderate 
.o v^gorous m^ng. the formula amount of DUodium EDTA. DL-P^thcnoU Glycerin. Udocau^e 
Hydrochloride and Germaben- U is added. These materials are allowed to dissolve at 50«C. 
After dissolution, the vessel is then cooled to 20»C. To another vessel, equipped w.th a h:,n 
effxcieacy homogenizer. the formula amount of responsive polymer network xs added. The 
.esponsive polvmer network vessel . then cooled to 4^0. After coolin,. while vigorously 
homogenizing; the contents of the fir,: vessel Is added to the second vessel, .nd flowed to m. 

to homogeneity. , 
The composition displays a flowable jelly appearance with excellent spreadaodi^' and 
.bson.uon characteristics ax room temperature, and after heating the formulation to 32'C, the 

composition thickens to a gel-like consistency. 

T i,Tr ..u........;nn Enhancer: An oil-free. spreadable. top.cal h.r 
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loss treaiment using Melatonin as zhc sleep stimulant and Azonc as the penetraiion enhancer is 
maxic by combining the following ingredients utilizing cozrventional mixing techniques: 



ingredieot 


% w/w 


10 % wt. l:i responsive polymer 
network as prepared in Example 1 


20.0 


Glycerin USP 


5.4 


Meiatonin 


i.C 


Ul^Panthenoi 




CjcrmaDen' 11' 


d.l 


Uisodium tUiA 




Azone 





1 Ubl-' l^uritiea Water 


^1 \ 



* Csermaben' 11 available irom 5unoa i^Doratones 



15 

To one vessel, equipped with a Lightnin' Mixer with a 3 blade paddle prop, the 
full amount of USP Purified Water is added. The water is then heated to 80**C and held 
for 20 minutes. The water is then cooled to 50° C , while maintaining the tempcranire, 
with moderate to vigorous mixing, the formula amount of Disodium EDTA, DL- 
20 Panthenol, Glycerin, Azone, Melatonin and Germaben* II is added. These materials are 
allowed to dissolve at 50*0. After dissolution, the vessel is then cooled to 20" C- To 
another vessel, equipped with a high efficiency homogenizcr, the formula amount of 
responsive polymer network is added. The responsive polymer network vessel is then 
cooled to 4^0, After cooling, while vigorously homogenizing, the contents of the Bm 
25 vessel is added to the second vessel, and allowed to mix to homogeneity. 

The composition displays a flowable jelly appearance with excellent spreadabilicy 
and absorption charaaerisiics at room temperature, and after heating the formulation to 
32"C, the composition thirVrns to a gel-like consistency. 

Formulation for Management of Decubiiis Ulcers: 

A gel wound dressing for dccubitis ulcer treatment containing a proteolytic 
enzyme and antiseptic is made by combining the following ingredients uulizing 
conventional mixing techniques: 
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1 Ul^rCuICuD 


% w/w 


10% vn 1:1 responsive polymer 
ncTwork as prepared in Example 1 


20.0 


Glycerin USP 


5.0 


Sutilains 


82000 USP Units/gram 


Neomycin 


0.75 


DL-Panthenol 


0.5 


Germabcn* 


0.1 


Disodxum EDTA 


0.2 


Citric Add 


0.01 


USP Purified Water 





Germaoen* II avaiiaole trom 5uuon Laooratones 



To one vessel, equipped with a Li ghmin' Mixer with a 3 blade paddle prop, the 
15 full amount of USP Purified Water is added. The water is then heated to 80" C and 
held for 20 minutes. The water is then cooled to 50* C, while maintaining the 
temperature, with moderate to vigorous mi^dng, the formula amount of Disodium 
EDTA, Citric Add, DL-Panthcnol, Glycerin, Neomydn, and Germahen* 11 is added. 
These materials are allowed to dissolve at 50' C. After dissolution, the vessel is then 
20 cooled to 20* C, and the Sutilains is added. To another vessel, eqxiippcd with a high 
effidency homogcnizer, the formula amount of JPN is added. The IPN vessel is then 
cooled to 4* C. After cooling, while vigorously homogenizing, the contents of the first 
vessel is added to the second vessel, and allowed to mix homogcneity. 

The composition displays a flowable jelly appearance with excellent spreadabihty 
25 and absorption characteristics at room temperatxire, and after heating the formulation to 
32* C, the composition thickens to a gel-like consistency. 

Oil-free Moisturizer: An oil-free, lubricous moisturizer is made by combing the 
following ingredients utilizing conventional mixing techniques: 
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Ingredient 


% w/w 


10% 1:1 responsive polymer 
network 15 prepared in Example 1 


20.0 


Glycerin USP 


5.0 


PPG-2 Myristyi Etiier Propioniate^ 


3.0 


DL-Puixbenol 


OS 


Germaben* 11' 


0.1 


Disodium EDTA 


0.2 


Citric Acid 


0.01 


USP Piirified Water 


71.19 



CroOamol PMP avauabie trom Cro^i^^^^^ 
Germaben* 11 available £rom Sutton Laboratories 



The above ingredients are added and processed as described above for die vaginal 
15 moisture. The composition displays a flowable creamy lotion appearance with excellent 
emolliency, spreadability and absorption characteristics at room temperature. After 
heating the formulation to 26 *C, the composition rhirkrns to a gel-like consistency. 
The viscosiry vs. temperature curve is shown in Fig. 24 and dcmonstraxes that addition 
of adjuvants to the composition significantly enhances the responsive polymer network 
20 maximum viscosity (> 900,000 cps). The use of the responsive polymer network in the 
formulation also imparts a tmique viscosification effect after application to the skin, 
which is not evident in typical commercial O/W emulsion formulations (See, Fig. 24). 

25 
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1. A rffversibly gdiing or viscosifying polymer system, comprising: 
a soivated composition comprising an assodaiing component capable of 

aggregation in response to an increase in temperature; and 

a soivopiiilic component linked to the associating component. 

5 

2. A rcvcrsibly gelling or viscosifying polymer system, comprising: 
a soivated composition, comprising: 

(a) about 0.01 to 20 wt% of a associating component capable c: aggregation 
in response to an increase in temperature; and 
XO (b) about 0.01 to 20 wt% of a solvophiiic component linked with the 

associating component; 

wherein said composition exhibits at least a five-fold increase in viscosir,- upon 
gelation. 

15 3. The polymer system of claim 1, wherein the assodating and solvophiiic 

components are linked through a direct covalent bond 

4. The polymer system of daim 1, wherdn the associating and solvophiiic 
components are linked through a li nkin g agent. 

20 

5. The polymer system of daim 1, wherein the reversible gdation or 
viscosificacion is characterized in that the viscosity of the. system^ markedly as 
temperature is increased. ' 

25 6. The polymer system of claim 1, characterized in that the composition 

does not exhibit a macroscopic phase separation at gdation temperature. 

7, The poljTmcr system of daim IjiTwtTefem system is obtained by ^ 
polymerizing the solvophiiic component from a mixture of monomers capable of ^ 
forming the solvophiiic component in the presence of the assodating component,: 

8. The polymer system of daim 1, wherein the composition comprises a 
graft copolymer. 
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9. Tnc polymer system of claim 8, •wherein the graft is random. 

10. The polymer system of claim 1, vhcrcin the solvent is sciccted from the 
group consisting of water, salt solutions and water with water-miscible organic compound 

5 

1 1 . The p olymer system of claim ;lj;^Hcrciii:ffi associating component 
comprises at least a hydrophobic subcomponent and a hydrophllic sub-component. ^ 

12. The polymer system of claim 1, wherein the solvophilic component 
10 comprises a pH responsive polymer or oligomer. <: 

13. The polymer system of claim 1, wherein the relative proportion of 
hydrophobic ancj hydrophilic sub-components in the associating component is selected 
to provide the aggregation at a gelation temperature without macroscopic phase 

15 separation. 

14. The polymer system of claim 1, wherein the associating component 
comprises about 1 to 10 wt% solids and the solvophilic component comprises about 99 
to 90 wt% solids. 

20 

15. The polymer T^stem of fWm 1, wherein the associating component is 
present in a range of about 11 to 20 wt% and the solvophilic component is present in a 
range of about 89 to 80 wi%. 

25 16. The polymer system of claim 1, wherein the assodating component 

comprises about 21 to 30 wt% solids and the solvophilic component comprises about 79 
to 80 wt% sohds. 

17. The polymer system of claim 1, wherein the associating component 

30 comprises about 31 to 40 wt% solids and the solvophilic component comprises about 65 
to 70 wt% solids. 

18. The polymer system of claim 1, wherein the associating component 
comprises about 41 to 50 wt% solids and the solvophilic component comprises about 59 
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10 



to 50 wt% soL'ds. 

IS. The polymer system of daim 1, wherein the associatiiig component 
comprises about 51 to 60 wt% solids and the solvophllic component comprises about 49 
to 40 wt% solids. 

20. The polymer system of claim 1, wherein the associating component 
comprises about 61 to 70 wt% solids and the solvophilic component comprises about 39 
to 30 wt% solids. 

21. The polymer system of claim 1, wherein the associating component 
comprises about 71 to 80 ^1% solids and the solvophilic component comprises about 29 
to 20 wt% solids. 



15 22. The polymer system of claim 1, wherein the associating component 

comprises about 81 to 90 wt% solids and the solvophilic component comprises about 19 
to 10 wt% solids. 

23. The polymer system of claim 1, wherein the associating component 
20 comprises about 91 to 99 wt% solids and the solvophilic component comprises about 9 

to lwt% solids. 

24. The polymer system of claim 1, wherein the solvophilic component is 
branched. 

25 

25. The polymer system of claim 1, wherein the solvophilic component is 
prepared from monomer (s) selected from the group consisting of carboxylic acids, 
acrylic acid, substituted acrylic acid, methacrylic acid, substituted methacrylic adds, 
vinylcarboxylic adds, vinylsulfonic adds, substituted vinylsulfonic 2cid$, 

30 vinylpyrolidone, vinylacetic add, substituted vinylacetic add, amines, acrylamides, 

substituted acrylamides, acrylate esters, substirured acrylate esters, methacrylate esters, 
substituted methacrylate esters, AMPS, MAPTEC, vinyl pyridine, urethanes, amino 
adds, thiopcncs, nudeotides and ionized forms thereof. 
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26. The polymer system of ckim 1, wherein the solvophiiic component 
comprises polyacrylic add or neutralized poiyacrylic acid. 

27. The polymer system of claim 1, wherein the solvophiiic component 
5 comprises a copolymer. 

28. The polymer system of claim 1, wherein the structure component 
comprises a copolymer of acrylic add and methacryiic add. 



10 



29. The polymer system of claim 29, wherein the branching structural 
component has a degree of branching of greater than a - 1.0, as determined by a Mark- 
Houwink plot. 

30. The polymer system of daim 1, wherein the assodating component 
15 comprises ^^iraamar^'f 

31. The polymer system of daim 31, wherdn the poloxamcr comprises a 
block copolymer of different oxyalkylene groups, such that at least one polymer block 
possesses hydrophihc characteristics and at least one block possesses hydrophobic 

20 characteristics. 

32. The polymer system of daim 28. wherein the block copolymer comprise 
polyoryethylene (POE) and poly oacyp ropy lene (POP). 

25 33. The polymer system of daim 51, wherein the poloxamer comprises a 

triblodc polymer of polyoxyethylene (POE) and polyoxypropylene (POP) having the 
formula (POP). (POE) ^(P OP)., where and c are in the range of 1C^50 and is in the 
range of 50-70. 

3C 34. The polymer system of daim 1, wherein the assodating component 

comprises a nonionic surfactant. 

35. Tne polymer system of daim 1, wherdn the assodating component 
comprises a poly(alkyl-cooxyalkyiene)" having the formula R-(OCH2CHJ,-OH. where 
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R is an alkyi group. 

36. The polymer system of claim 1, wherein the associating component is_ 
selected from the group consisting of ccllulpsics, cellulose ethers and guar gums. 

5 

37. The polymer system of claim 6, wherein the composition possesses a 
•critical micelle temperature Si about the tcmperarure of gelation of the system. 

38. The polymer system of claim 1, wherein the composition exhibits at 
10 least about a 10-fold increase in viscosity upon gelation over a temperature of less than 

IG'C. 

39. The polymer system of claim 1, wherein the composition exhibits at 
least about a 30-fold increase in viscosity upon gelation over a temperature of less than 

15 10 -0. 

40. The polymer system of claim 1, wherein the network is additionally 
responsive to environmental stimulus selected from the group consisting of temperature, 
pH, ionic strength, Hght irradiation, electric field strength and solvent composition. 

20 

41. A polymer composition, comprising: 

an associating component capable of aggregation in response to an increase in 
temperature; and 

a soivophilic component linked to the associating component. 

25 

42. Method of making a pol>7ner network iisefal in preparation of a 
reversibly gelling polymer ^y^ucxn^ comprismg: f 

combining an associating component, said associating component capable of 
aggregation in response to an increase in temperature, with a. monomer capable of 
30 polymerizing into a soivophilic. component;-' and •-- 

initiating polymerization of the monomer to form the soivophilic component 
and to link the soivophilic component to the associating component. 

43. Method of making a polymer network useful in the preparation of a 
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rcvcisibly gelling polymer sysiem, comprising: 

combining a solvophilic component vith a monomer capable of polymenzmg 
into an associating component, said associating component capable of aggregation in 
response to an increase in temperature; and 
5 initialing polymerization of the monomer to form the associating component 

and to link the solvophilic component to the associating component. 

44. Method of making a polymer system capable of gelation upon increase in 
temperature: 

10 combining an associating component capable of aggregation in response to an 

increase in temperature with a monomer capable of polymerizing into a solvophilic 
component; and 

initiating polymerization of the monomer to fonn a solvophilic component and 
to the associating and solvophilic components, so as to form a polymer nerwork; 
15 and 

solvating the polymer network. 

45. The method of claim 42, 45 or 44. wherein the polymerization is carried 
out in neat monomer. 

20 

46. A composition of maner prepared according to claims 42, 43 or 44, 
comprising a associating component and a solvophilic component which upon hydration 
and/or neutralization form a polymer system. 

25 47. The method of claim 42, 43 or 44, wherein a polymerization initiator is 

selected to provide a polymer system having a selected temperature of viscosification. 

48. The method of claim 42, 43 or 44, further comprising addition of water 
to the sr" .*on. 



30 



49. The method of claim 42, 43 or 44, wherein one or more associating 
components are added. 

50. The method of claim 42, 43 or 44, wherein one or more monomers of 
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the solvophiiic component are added. 

51. Method of making polymer network capable of reversible gelation upon 
exposure to an environmental stimulus, comprising: 

5 dissolving a assodanng component capable of aggregadon in response to a 

change in an environmental stimulus in a monomer of a solvophiiic component; 

dispersing the associating component and monomer into an msoluble orgamc 
phase with agitation to form droplets; 

initiating polymerization of the monomer to form the solvophiiic component, so 
10 as to form a polymer network; and 

collecting the polymer network as beads. 

52. A method of using a rcvcrsibly gelling polymer network, comprising; 
subjecting a solvated composition to a change in temperature, said solvated 

15 composidon comprising: 

an associating component capable of aggregadon in response to an increase m 
temperature, and a solvophiiic component linked to the associaung component, 

wherein said solvated composition exhibits at least a five-fold increase in 
viscosity upon temperature change. 

20 

53. A drug delivery system , comprising: 
an solvated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
in response to an increase in temperature; and 
25 (b) about 0.01 to 20 wx% of a solvophiiic component linked with the 

associating component, wherein said solvated composition exhibits at least a five-fold 
increase in viscosity upon geiauon; and 

a pharmaccutically active component. 

30 54. A system for coating a mucosal region of a m amm al, comprising: 

an solvated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% of a solvophiiic component linked with the 
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assodating component, wherem said solvated composition cxnibits ar least a five-fold 
increase in viscosity upon gelation; 



55. A composition for topical applicarion, comprising: 
5 an solvated composinon comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
in response to an increase in temperature; and 

(b) about 0.01 to 20 vn% of a .solvophilic component linked with the 
associating component, wherein said solvated composition exhibits at least a five-fold 

10 increase in viscosity upon gelation. 

56. The composition of claim 55, wherein said composition is formulated as 
a product selected from the group consisting of a shampoo, a^ifun care product, a skin 
care product and cosmetic ^ 

15 

57. The composition of flaim 55, further comprising an additive seieacd 
from the group consisting of preservatives, himiectants, emollients, surfactants, 
astringents, sunscreens, emulsificrs, solvents, liquefiers, colors, flavors and fragrances. 

20 58, The composition of claim 55, wherein the gelation occurs at a 

temperature in the range of about 30 to 35 * C. 

59. The composition of claim 55, wherein the gelation occurs at a 
temperature in the range of about 35 to 40* C. 

25 

60. . An emulsion which maintains viscosity over a wide range of 
temperatures, comprising: 

an solvated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
30 in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% of a solvophilic component linked with the 
associating component, wherein said solvated composition exhibits at least a five-fold 
increase in viscosity upon gelation. 
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61. A thickening agent, comprising: 
an soivated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
in response to an increase in temperanire; and 
5 (b) about 0.01 to 20 wt% of a solvophilic component linked with the 

associaiing component, wherein said soivated composition exhibits at least a five-fold 
increase in viscosity upon gelation. 

( 

62. An clcctrophoretic system, comprising: 
10 an soivated composition comprising: 

(a) about 0.01 to 20 wx% of a associating component capable of aggregation 
in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% of a solvophilic component linked with the 
associating component, wherein said soivated composition exhibits at least a five-fold 

15 increase in viscosity upon gelation. 

63. A setting agent, comprising: 
an soivated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
20 in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% of a solvophilic component linked with the 
associating component, wherein said soivated composition exhibits at least a five-fold 
increase in viscosity upon gelation. 

25 64. A binding agent, comprising: 

an soivated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% of a solvophilic component linked with the 
30 associating component, wherein said soivated composition exhibits at least a five-fold 

increase in viscosity upon gelation. 

65. A conformational system, comprising: 
an soivated composition comprising: 
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(a) about 0.0~1 to 20 ^1% of a associaiing component capable of aggregation 
in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% of a solvophiiic componenr linked with the 
associating component, wherein said solvated composition exhibits at least a five-fold 

5 increase in viscosity upon gelation 

66. An oil well drilling fluid comprising: 
an solvated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
10 in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% cf a solvophiiic component linked with the 
associating component, wherein said solvated composition exhibits at least a five-fold 
increase in viscosity upon gelation. 

15 67. A sensor, indicator or valve, comprising: 

an solvated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% of a solvophiiic component linked with the 
20 associating component, wherein said solvated composition exhibits at least a five-fold 

increase in viscosity upon gelation. 

68. An adhesive comprising: 

an solvated composition comprising: 
25 (a) about 0.01 to 20 wt% of a associating component capable of aggregation 

in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% of a solvophiiic component linked with the 
associating component, wherein said solvated composition exhibits at least a five-fold 
increase in viscosity upon gelation. 
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69. A condom comprising: 

an solvated composition comprising: 
(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
in response to an increase in temperature; and 
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(b) about 0.01 to 20 wt% of a solvophilic component linked with the 
associating component, wherein said solvated composition exhibits at least a five-fold 
increase in viscosity upon gdadon. 

5 70. A teat dip comprising: 

an solvated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregauon 

in response to an increase in temperarure; and 

(b) about 0.01 to 20 wt% of a solvophilic component linked with the 
associating component, wherein said solvated composition exhibits at least a five-fold 
increase in viscosity upon gelanon. 
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71. A prosthetic device comprising: 
an solvated composition comprising: 
j5 (a) about 0.01 to 20 wt% of a associating component capable of aggregation 

in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% of a solvophilic component linked with the 
associating component, wherein said solvated composition exhibits at least a five-fold 
increase in viscosity upon gelauon- 



20 



30 



72. A paint, comprising: 

an solvated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 
in response to an increase in temperature; and 

(b) about 0.01 to 20 wt% of a solvophiHc component linked with the 
associating component, wherein said solvated composition exhibits at least a five-fold 
increase in viscosity upon gelation, 

73. A coating, comprising: 

an solvated composition comprising: 

(a) about 0.01 to 20 wt% of a associating component capable of aggregation 

in response to an increase in temperature; and 

* (b) about 0.01 to 20 wt% of a solvophiUc component linked with the 
associating component, wherein said solvated composition exhibits at least a five-fold 
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increass in viscosity upon gelation. 

74. The responsive polymer network of claim 1, charaoerized in that the gel 
remains transparent to light before and after a change in temperature. 



78 



Prinred from Mimosa 



wo 97/00275 



PCTAJS96/10376 



7/26 




SUBSTITUTE SHEET (RULE 26) 



Printed from Mimosa 



wo 97/00275 



PCTAJS96n0376 



2/26 



FIG:2 




SUBSTTTUTE SHEET (RULE 26) 



Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



5/26 



FIG. 3 



18000 



12000 — 



viscosnr (cP) 



6000 




SUBSTITUTE SHEET (RULE 26) 



Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



4/26 

FIG. 4a 




TEMPERATURE CC) 
SUBSTITUTE SHEET (RULE 26) 



Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



5/26 



FIG. 5 



viscosnr (cP) 



1800 -r- 
1600- 
1400- 
1200- 

1000" 
800- 
600- 
400" 
200" 

oi 



20 



IPN (a) 



blend (b) 



— H 

25 



JO 35 
TCC) 



40 



45 



SUBSTnUTE SHEET (RULE 26) 



Printed from Mimosa 



wo 97/00275 



PCTAJS9d/l0376 



6/26 



FIG. 6 



900 



viscosnr (cp) 



600" 



500 



• • • 



20 30 40 50 
TCC) 



SUBSnrUTE sheet (rule 26) 

Printed from Mimosa 



wo 97/00275 



PCT/US96n0376 




Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



8/26 



FIG. 8 



1600 



1200" 



VISCOSITY (cP) 800- 



400" 




20 40 60 80 100 

TCC) 



SUBSTfTUTE SHEET (RULE 26) 

Printed from Mimosa 



PCT/US96/10376 

WO 97/00275 



9/26 



FIG. 9 



4500 



3000 '• 



VISCOSITY (cP) 



1500 '■ 




TCC) 



SUBSTTTUTE SHEET (RULE 26) 

Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



10/26 



FIG. 1 0 



viscosirr (cP) 



4000 



3000 '- 



2000 " 



1000 " 




SUBSTITUTE SHEET (RULE 2S) 

Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



11/26 



FIG. 1 1 

30 n 

■ 



20" 

■ 

viscosnr (cP) 



to — 




H \ ! 1 ^ ' 

0 10 20 30 40 50 60 

TCC) 



SUBSTTTUTE SHEET (RULE 26) 

Printed from Mimosa 



wo 97/00275 



per AJS96/1 0376 



72/26 



FIG. 1 2 



VISCOSITf (cP) 



600 
500 
400 — 
300 -- 
200 -- 

700 -- 



0.5 M NaCI 



water 



20 



40 



60 



TCC) 



SUBSTITUTE SHEET (RULE 26) 

Printed from Mimosa 



wo 97/00275 



PCTAJS96/103 



15/26 



FIG. 1 5 



viscosny (cP) 



3000- 
2500- 
2000- 

1500— 
1000 — 



500— 



20 



40 



60 



TCC) 



BUBSTTTUTE SHEET (RULE 25) 



Princed from Mimosa 



wo 97/00275 



PCT/US96/10376 




SUBSnrOTE sheet (rule 26) 



Printed from Mimosa 



wo 97/00275 



PCTAJS96n0376 



15/26 



FIG. 1 5 



viscosnr (cP) 



20000 



18000 — 



16000 — 



14000 



12000 




TCC) 



SUBSTITUTE SHEET (RULE 26) 



Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



16/26 



FIG. 1 6 



C^Aoo 0.5 \- 




400 800 

Time (min) 



1200 



suBsnnn^ sheet (rule 26) 



Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



7 7/26 



FIG. 1 7 




1200 



Time (min) 



SUBSTITUTE SHEET (RULE 26) 

Printed from Mimosa 



wo 97/00275 



PCT/US96n0376 



18/26 




SUBSnrUTB sheet (rule 26) 



Printed from Mimosa 



wo 97/00275 



PCT/US96n0376 



19/26 



FIG. 1 9 




150 



Time (min) 



SUSSTnVTE SHEET (RULE 26) 



Prinred from Mimosa 



wo 97/00275 



PCr/US96/10376 



20/26 



FIG. 20 

120000 -- 
100000 -- 
80000 

viscosnr (cp) 

60000 -- 
40000 

20000 " 
0 

0 



suBsrnmE sheet (rule 26) 

Printed from Mimosa 




wo 97/00275 



PCT/US96/10376 



21/26 



FIG. 21 



30000 



20000" 



viscosnr (cP) 



10000" 



0 4 




SUBSnTLTTE SHEET (P.ULE 25) 



Printed from Mimosa 



wo 97/002'75 



PCT/US96n0376 



22/26 



FIG. 22a 



viscosnv (cP) 30 ■■ 




FIG. 22 b 

35000 
30000 
.25000 - 

viscosnr (cP) 20000 

15000 - 
10000 
5000 -- 
0 




20 40 60 

TCC) 



SUBSnrUTE sheet (rule 25) 



Printed from Mimosa 



wo 97/00275 



PCTAJS96/10376 



25/26 



viscosnr (cP) 




1200000 " 



1 100000 " 



1000000 



SUBSTTTUTE SHEET (RULE 26) 

Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



24/26 




D 

CL 

E 
.0^ 



CD 



oooooooooo 

§ O O O O O O CD CD 

o c5 o' CD o o o 



CL 



CO 

o 
o 
cn 
5 



SUBSTJTUTE SHEET (RULE 2S) 



Printed from Mimosa 



wo 97/00275 



PCT/US96/10376 



25/26 



FIG.250 



VISCOSITY (cP) 



120000 -- 
100000" 
80000 •- 
60000 
40000 -■ 

20000 -■ 

0 -- 




60 



FIG. 25b 



0.08 



ABSORBANCE AT 50Q nm 



0.075 - 



0.07 




SUBSTTTUTE SHEET (RULE 26) 



Printed from Mimosa 



wo 97/00275 



PCT/US9dn0376 



26/26 



c FIG.260 



viscosmr (cP) 




0 A 1 ! 1 

0 20 40 60 

TCO 



FIG. 26b 



ABSORBANCE AT 500 nm 




TCC) 

SUBSTTTUTE SHEET (f\Utf 26) 



Printed 



from 



Mimosa 



